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ABSTRACT 
Locusts and grasshoppers have long been regarded as one of the most 
important groups of agricultural pests belonging to the order Orthoptera. The 
Orthoptera, a large order with over 10,000 described species, was formerly 
held to include the groups now treated as separate orders-Grylloblattodea, 
Dictyoptera and Phasmida. They are almost all terrestrial and, though usually 
capable of jumping actively, relatively few strong fliers are known, all 
belonging to the family Acrididae. Locusts and grasshoppers are among the 
oldest enemies of mankind. Entomologists have made exhaustive studies on 
the biology, morphology and behaviour of these insects, whose members 
cause extensive damage to different crops. They have long been regarded as 
one of the most important groups of agricultural pests. They are phytophagous 
and both nymphs as well as adults are responsible for the damage. 
The adults of Choroedocus illustris and Acrida exaltata are found in 
close association though their ecological niches are different. Choroedocus 
illustris is commonly found in long grassland and cultivated ground while 
Acrida exaltata is inhabitant of thick and high grassland. They migrate into 
crop fields when in advance stages while early nymphal instars remain within 
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the grasses like cyperus rotundus, seteria glauca, paspalum distichum, 
Andropogon adoratus, Panicum psilopodium, and Cynodon dactylon. 
The adults are distinguished by uniformly brown or yellowish brown 
colour with a dark longitudinal stripe extending from fastigium of the vertex 
to the hind margin of pronotum with small scattered black spots on the 
tegmen. Hind tibia long and red or purplish blue in choroedocus illustris 
while Acrida exaltata can be distinguished by its hind wings basally bright 
yellow and with a thick complete dark band and with the hind femur ventrally 
blue. 
Both these species are found in a mixed population with each other at 
all stages. The life stages in laboratory conditions have shown that under 
constant conditions there can be four generations in a year, however the 
number of generations may be reduced to 2 - 3 in natural population. Adults 
are found reproductively active in rainy season and in the months of 
September, October, March and April but do remain active in winter season 
without reproductive activities. 
The act of copulation is on typical acridian pattern but with a longer 
duration of about 600 minutes in Choroedocus illustris and 268 minutes in 
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Acrida exaltata as compared to other acridids. Egg laying is completed in, on 
an average, 210.50 minutes in Choroedocus illustris and 188.70 in Acrida 
exaltata. Further under two different temperatures of 27°C and 37 C, there is 
a considerable variation in the oviposition in both of these species. The size of 
egg - pods per female is variable in both the species, in Choroedocus illustris, 
the average number of egg - pods per female was 5.30±0.21 (isolated 
condition) and 4.40±0.24 (crowded condition) and the size of the egg - pod 
laid earlier was longer than laid later while in Acrida exaltata the average 
number of egg - pods per female was 4.90±0.48 (isolated condition) and 
3.50±0.453 (crowded condition) 
The isolated and crowded conditions show some effect on the 
fecundity of these two grasshoppers. The average of eggs per egg - pod of 
these two species was found to be 64.80 (isolated condition) and 35.96 
(crowded conditions) in Choroedocus illustris and 31.30 (isolated condition) 
and 25.90 (crowded condition) in Acrida exaltata. 
Diapause does not occur at any stage of life cycle, which indicates the 
presence of these grasshoppers through overlapping generations in a year. The 
development of hoppers with no variations in the number of hopper instars 
have been observed under different conditions of temperature, food and 
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crowding with constant humidity. The male life cycle is completed in 94.30 
days and 92.40 days at 37*^ C and ll^C, respectively while female cycle is 
completed in 97.30 days and 110.40 days. This is in case of Choroedocus 
illustris while in case oiAcrida exaltata it was 93.90 days and 121.80 days in 
males while female life cycle is completed in 94.10 days and 130.40 days. All 
these observations are under isolated condition at 27 C and 37 C, 
respectively. The variation in the total life span has also been observed under 
crowded conditions. 
Dyar's law has been successfiilly applied under the conditions of 
temperature, relative humidity, food and density. 
The eggs of these two species are laid in moist soil and their 
development and percentage of hatching are greatly influenced by 
temperature and moisture. In Choroedocus illustris the lowest percentage of 
eggs hatched was found to be 60.15% while the highest was found to be 
76.35%. The incubation period was longest (51.14 days) at 25°C and the 
shortest (24.17 days) at 45°C. The development of eggs per day was 
calculated at 25°C as lowest (1.95) and highest at 35°C (4.13). In Acrida 
exaltata the lowest percentage of eggs hatched was 65.90% at 25"C and 
highest was 70.41% at 35 C. Likewise, the average incubation was longest 
(40.70 days) at 25V while shortest (22.17 days) at 35'^ C and the development 
of eggs per day was slowest (2.45) at 25°C and highest (4.51) at 35V. 
The population level of these two grasshoppers is mainly influenced by 
temperature, relative humidity and available food plants. Both these 
grasshoppers are in abundance during rainy season from may to august in 
North India but their population dwindles when winters are approaching or 
terminating into summer but the aduUs remain active without reproductive 
activities. 
The locomotory behaviour of hoppers and adults is greatly influenced 
by the environmental factors, mainly temperature, relative humidity, food, air 
speed and human activities. The temperature of the environment dominates 
the proceedings of the activities. 
The food preferences of nymphs and adults have been found out and 
the factors influencing the food selection and the age - wise preferential 
values of food by the hoppers have been recorded. 
The most important aspect of the present studies has been the details of 
the colour patterns, examined in a very large number of hoppers so that the 
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greater parts of the range and the form that the variation of colouration takes 
have been described. Three components of the colour patterns studied have 
been selected as being of greater importance principally because they are 
more easily measured. The treatment of the data has been as simple as 
possible but the results are considered to be promising because, within the 
range of material studied, the differences between the samples in respect of 
these three characters have shown a consistent association with differences of 
population histories. 
Morphometry of these two grasshoppers in nymphal as well as adult 
stages was done. All of the 16 measurements and 6 ratios are found 
statistically significant and sensitive to isolated and crowded conditions, 
confirming the instinctive gregarious behaviour though occasional in these 
two species. However, visual observations on few occasions on the gregarious 
and distinctive aggregation in Choroedocus ilustris and Acrida exaltata are an 
additional confirmation to their unusual locust like behaviour. It is therefore, 
concluded and inferred that two economically important non - swarming, 
occasionally gregarious acridiods in North Indian soil are very close to 
become a permanent small sized locusts and may assume new dimensions of 
their dangerous posture. 
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Introduction 
Insects are chief rivals of human beings because of the fact that both 
men and majority of insects constantly compete with each other for food and 
shelter. There are numerous and varied ways in which some of these insects 
injuriously affect our economy. India is predominantly an agricultural land 
with nearly 70% of its total working population engaged in agriculture. Our 
coimtry has varied climatic condition due to which varieties of crops are grown 
here, and it occupies an outstanding position in the world with respect to 
several agricultural products. A large number of entomological laboratories and 
departments are being maintained by goverrmient and other agencies mainly 
because of the immense harm done by insects to human. 
The degree of harm caused by insect pests varies considerably with the 
particular species of insect concerned by frequency of occurrence and density 
of pest population, the prevailing circumstances and the nature of the host. An 
insect species may not be important at low population densities but when the 
number increases under certain conditions, they can cause great harm and 
become pests (Youdeowei & Service, 1986). 
Locusts and grasshoppers have long been regarded as one of the most 
important groups of agricultural pests belonging to the order Orthoptera. The 
Orthoptera is a large order with over 10,000 described species, was formerly 
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held to include the groups now treated as separate orders-Grylloblattodea, 
Dictyoptera and Phasmida. As restricted by the above definition, the Orthoptera 
includes not only such familiar forms as the grasshoppers, locusts and crickets 
but also the mole crickets and grouse locusts. The order is best represented in 
the tropics though members occur in all but the colder zones. They are almost 
all terrestrial and, though usually capable of jumping actively, relatively few 
strong fliers are known, all belonging to the family Acrididae (Imms, 1997). 
Grasshopper species compete with humans for plant resources all over 
the world (Dempster, 1963). In Africa, Australia and Asia, the grasshoppers are 
generally termed as 'Locusts' for their aggressiveness, gregariousness and 
swarm forming behaviour. The term 'locust' is applied to those grasshoppers 
that exhibit physiological, morphological and behavioural changes from 
solitarious phenotype to a gregarious phenotype (Dempster, 1963; Uvarov, 
1966; Farrow, 1990). 
Entomologists have made exhaustive studies on the biology, 
morphology and behaviour of these insects, whose members cause extensive 
damage to different crops. They have long been regarded as one of the most 
important groups of agricultural pests. As a group they are phytophagous in 
nymphal as well as adult stages. 
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No stretch of land is free from grasshoppers, which ahnost invariably 
become major pests of crops. Their devastations may be less spectacular than 
those caused by locusts but they are more persistent so that the effect on 
agriculture production and particularly on planned development is much more 
serious than caused by locusts. 
Grasshopper populations in North India are assuming new dimensions 
and needs immediate attention. If their population remains unchecked for long, 
they may assume the status of 'Locust in making' (Rizvi, 1985) and may prove 
very detrimental to human dwellings. 
Another unique behaviour of acridoids is the exhibition of colour 
changes during the life of an adult. Visible colours of insects are due either to 
the structure of the integument, or to the pigments in it. The range of colours in 
acridoids as a whole is less extensive than in butterflies or beetles, and as a 
group they appear rather uniformly coloured in shades of brown (from pale -
straw to black), grey and green; such bright colours as red, blue or yellow 
appear normally on the hind wings and often on hind legs, but seldom on the 
other parts. Various authors described colour patterns of acridoids. However, a 
different method of recording complex combinations of colours and patterns 
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was proposed by Clark (1943). The description of each colour form is by a 
formula, composed of symbols, which denote both the general and the detailed 
distribution of colours. Clark's notation system has been so far tested only on a 
few British grasshoppers and may need modification for more general use. A 
much more precise method of recording colours and patterns has been 
developed for an objective investigation of colour variation in hoppers of 
Schistocerca by Stower (1959), depending on the instar and enviroimiental and 
inherited factors. Following Stower's guidelines, the author has described in 
comprehensive detail of colour patterns and changes in the head and pronotum 
region of two occasionally gregarious grasshoppers. 
Therefore, the present problem was undertaken keeping in view the 
economic importance of two basically solitary grasshoppers, namely 
Choroedocus illustris Walker and Acrida exaltata Walker. Both the species are 
occasionally gregarious and migratory in behaviour, but their ecological niches 
are different, and are found in close association. Choroedocus illustris is 
commonly found in long grassland and cultivated grounds while Acrida 
exaltata is inhabitant of thick and high grassland. 
Choroedocus illustris, commonly called as bamboo locust, is a pest of 
forest plantation like bamboo {Bambusa arundinacea), teak (Tectona grandis). 
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Sal {Shorea robusta), sheesham (Dalbergia sisso), and other cultivated crops 
like guava (Psidium guajavd), maize {Zea mays), jowar {Sorghum vulgare), 
bajra (Pennisetum typhoideum), rice {Oryza sativd), millet {Pennisetum 
typhoides), groundnut (Arachis hypogaea), sandal {Santulum album), and 
sugarcane (Saccharum officinarum). In the last few years it has become a major 
pest of these plantations in and around AUgarh and major parts of north India. 
On many occasions it was found attacking such crops with a gregarious 
behaviour. 
Acrida exaltata is a pest of rice {Oryza sativd), millet {Pennisetum 
typhoides), jowar {Sorghum vulgare), maize {Zea mays), gram {Cicer 
arietinum), groundnut {Arachis hypogaea), tomato {Lysopersicum esculentum), 
pinus {Pinus roxburghii), sal {Shorea robusta), sandal {Santulum album), and 
sugarcane {Saccharum officinarum). 
Chesler (1938) found that each species of Acrida appeared to have a 
particular type of habitat and that certain species were found in close 
association. Acrida genus was found in areas where the grass grows thickly 
about 2-3 feet high and where there are few open spaces. This species is 
phytophilous, and was always observed on the stems and blades of grasses. The 
wings of Acrida produced noise when the grasshoppers are in flight. 
Introduction 
Since the bionomics, ecology, colour pattern and behaviour of these two 
very important pests is not known in detail except for a few occasional 
observations made by several workers, therefore, comprehensive study of 
biology, ecology, colour patterns, behaviour and their natural enemies is 
urgently needed with special reference to the Indian sub-continent. 
The effective control of locusts and grasshoppers, whether chemical or 
biological is intimately connected with the detailed ecology and biology of the 
species, and depends on a comprehensive knowledge of salient features in the 
bionomics and behaviour of an acridoid. A complete description of all stages of 
development may be of practical utility, but without a thorough understanding 
of the relations between acridoids and their environment, effective control 
measures are not possible. There is no information available about the biology 
and behaviour of these two species especially in northern India where they are 
assuming the status of pests on the major crops. The present study was carried 
out in order to fill a gap in our knowledge of the ecology, biology and 
behaviour of these pests. The study has been divided into three parts- namely 
biological, ecological and behavioural with special reference to colour patterns. 
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The biological parts are related to the life cycle and various stages while 
the ecological part gives information regarding population studies and relations 
with various environmental factors. The behavioural part deals with various 
behavioural patterns during biological processes with special reference to the 
feeding and reproductive behaviour. 
The present study is mainly based on laboratory studies. Some field 
observations on the seasonal variations and ecological conditions for both these 
species have also been included, in order to ascertain factors they have in 
common for normal breeding and which may help in forecasting their 
outbreaks and suggesting subsequent control measures. 
The analysis of ecological data on population density would help the 
workers in finding seasonal trend and cyclical movements of these dreaded 
pests. The factors responsible for gregarization and swarm formations have 
been investigated. Such studies have been very exciting and may prove to be of 
great importance in the phase formation behaviour of acridoids in general. 
Studies have been made on the bionomics, life-history, copulation, 
oviposition, feeding bahaviour and morphometries, reproductive behaviour and 
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colour patterns in one life-cycle and the phenomenon of multivoltine 
behaviour. 
Physical factors play very important role in the life history of an insect. 
Studies were made to note the effect of physical factors viz. temperature, 
relative humidity, food and crowding on Choroedocus illustris and Acrida 
exaltata. 
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Review of Literature 
The studies on the locusts and grasshoppers have been carried out since 
the early twenties. Notable contributions in the field of Acridology concerning 
the present studies have been made by many acridologists. 
The various modes of copulation and oviposition have been studied by 
several workers with specific observations made among others, by Katiyar 
(1952, 1955, 1956b) in Eyprepocnemis roseus. Autarches punctatus, Oedaleus 
abruptus and Gastrimargus transversus, Norris (1954) and Hunter-Jones 
(1960) in Schistocerca gregaria, Hafez & Ibrahim (1958) in Acrida pellucida, 
Pickford & Gillott (1972) in Melonoplus sanguinipes, and Iqbal & Aziz (1974) 
in Spathosternum prasiniferum. Uvarov (1966) gave a detailed account of the 
common mode of copulation in acridoids, the 'riding mode' in Schistocerca 
gregaria. The copulation posture may differ in other species. Jhingaran (1944) 
recorded another mode of copulation 'lateral mode' in Heteracris capensis. 
Katiyar (1952) recorded a third mode of copulation 'hanging mode' in 
Parahieroglyphus bilineatus. Katiyar (1956b) also observed an intermediate 
mode of copulation between lateral and hanging mode in Oedaleus abruptus 
and Gastrimargus africanus. Popov (1958) observed in Schistocerca gregaria 
that copulating females continue to feed, crawl and jump during mating 
process. Pickford & Gillott (1972) in Melanoplus sanguinipes reported that 
female aggressiveness; female density and production of chemical attractant by 
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the females are factors, which have a great influence on the selection of a mate. 
Most of the members of the sub-family Acridinae and Oedipodinae use 
acoustical means of communication during sexual activity (Haskell, 1958; 
Perdeck, 1958; Loher & Chandrashekharan, 1970; Otte, 1970). Certain body 
parts like anteimae, palpi, cerci, sense organs and some chemical stimuli and 
female sex attractants play an important role in the courtship activity 
(Jacobson, 1965; Thomas, 1965; Uvarov, 1966 and Pickford & Gilott, 1972). 
Pickford (1974) studied the reproductive behaviour of the clear winged 
grasshopper, Camnula pellucida. Gregory (1965a, 1965b) in Locusta and 
Norris (1954) in Schistocerca gregaria observed the presence of more than one 
spermatophore in each female of these species which indicate the necessity of 
repeated copulation. Hunter-Jones (1960) reported that the last copulation in 
Schistocerca gregaria is the effective one. Singh & Dhamdhere (1984) 
observed the mating behaviour in rice grasshopper while Riede (1987) made a 
comparative study of pre-mating and mating behaviour in 25 species of South 
American grasshoppers belonging to 9 subfamilies. 
The type of soil plays an important role in the act of oviposition. It was 
observed that the females preferred to lay eggs in moist soil. In cases, where 
the soil is extremely dry female fails to oviposit at all (Norris, 1968; Edwars & 
Epp, 1965) and sometimes the female dies without egg-laying (Katiyar, 
10 
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1956a). Katiyar (1955) in Autarches punctatus observed deposition of the eggs 
in sandy loam soil. Joyce (1952b) reported that the female of Oedaleus 
senegalemis prefers to lay eggs in clay soil. Pradhan & Peswani (1961) 
observed egg-laying in Hieroglyphus nigrorepletus in the roots of various 
shrubs. Chandra et al. (1973) made the detailed observations on the selection of 
soil type for oviposition in the migratory locust (Locusta migratoria) and 
studied the development of eggs deposited in the different soil types. The 
detailed process of oviposition has been described by Katiyar (1955, 1956a) in 
Autarches punctatus and Parahieroglyphus bilineatus, Hafez & Ibrahim (1958) 
in Acrida pellucida and Iqbal & Aziz (1974) in Spathostemum prasiniferum. 
Norris (1950, 1952) studied the effect of crowding on the pre-
oviposition period and interval of successive egg-laying in Locusta migratoria 
migratorioides and Schistocerca gregaria respectively. Antoniou & Hunter-
Jones (1956) studied the effect of crowding on the fecundity of Eyprepocnemis 
capitata. Hunter-Jones & Ward (1959) studied the incubation period, instar 
hoppers and polymorphic behaviour in Gastrimargus africanus giving some 
effect of crowding on the sexual maturation of females, egg - laying rate, 
fecundity and viability of eggs. Lautie (1979) observed the fecundity of the 
females of Locusta migratoria in the absence of fertile males and Baloch 
(1980) made an observation on the pod crowding affecting viability of eggs in 
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Locusta and Schistocerca. Pickford (1976) studied the embryonic growth and 
hatching of eggs of Melanoplus bivittatus in relation to oviposition date. 
Richards & WalofF(1954) studied the arrangement of eggs in the egg-pods of 
Stenobothnis lineatus and Mecoseth grossus. Ewer (1977) studied the function 
of the plug of egg-pods. However, Moriarty (1969) observed the decline of 
egg-laying capacity with the ageing of the female in Chorthippus bruneus. 
Fresa (1971) observed that the grasshoppers Dichroplus elongates, D. pratensis 
and D. punctatus were unable to oviposit and die without egg-laying due to the 
fungus Entomophthora grylli. Petty (1973) has mentioned that the hatching 
success is associated with the sand structure. 
Choudhuri (1958) has made experimental studies on the choice of 
oviposition site by two species of Chorthippus. Pickford (1960, 1976) noted 
survival, fecundity, population growth, embryonic growth and hatchability of 
eggs in Melanoplus bilituratus and Melanoplus bivittatus in relation to date of 
hatching, date of oviposition and weather conditions, while Pickford (1966b) 
studied the influence of date of oviposition and climatic conditions on hatching 
of Camnula pellucida. Bhatia & Singh (1961) observed the selection of 
oviposition site by the desert locust in relation to vegetation density. Smith 
(1968) reported the relationship between oviposition and fertility to copulation 
in Melanoplus sanguinipes. Khan et al. (1980) investigated the preferential 
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behaviour for oviposition in Chrotogonus trachyptems. McCaffery & Page 
(1982) recorded the oviposition behaviour in Zonocerus variegates. Liu et al. 
(1984) stressed the selectivity for oviposition in locusts in China and unusual 
oviposition behaviour in desert locust was recorded by Bhatti et al. (1986). 
The variation in the size and shape of the egg-pods associated with the 
available moisture, food of the parent grasshopper, number of egg-pods laid 
previously as described by Norris (1950) while Hilliard (1959) attributed it to 
the soil. Khalifa (1957) recorded development of eggs with special reference to 
the incidence of diapause in the eggs of Eyprepocnemis plorans. 
Bemays (1971b) provided some details about hatching process with 
reference to temperature, moisture and food for Schistocerca gregaria. 
Temperature, moisture and food have been reported to play an important role in 
successful hatching (Dempster, 1963). Agrawal & Rizvi (1982) observed an 
early emergence due to early monsoon in Hieroglyphus nigrorepletus, which is 
a diapausing species. 
Resistance to desiccation among grasshoppers with reference to water 
loss on the hatchability of grasshopper eggs was studied by Sah (1952) while 
Pickford (1966b) observed the rate of mortality in extreme dry conditions. 
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Hunter-Jones (1964) observed detrimental effect of high level of soil moisture, 
which may be due to restricted supply of oxygen. Shulov & Pener (1961, 1963) 
studied the incubation period in relation to moisture content. Shulov (1956) in 
Anacridium aegyptium observed the development of eggs extending for more 
than two months from normal time due to water deficiency. The mortality rate 
with extreme soil moisture level was recorded by Shulov & Pener (1961) and 
Harjai & Sikka (1970). Hunter-Jones (1964) in Schistocerca gregaria observed 
the eggs neither hatched in water-logged soil nor in almost dry soil. The eggs 
in dry sand die within two days but the water content of the sand in between 
these two extremes made no difference. Donaldson (1970) observed the 
difference between the top and the bottom eggs and between the resulting 
hoppers and adult populations of two strains of Locusta migratoria 
migratorioides. 
The incubation period of eggs in Chrotogonus has been mentioned as 
inversely proportional to temperature and moisture but moisture affects the 
viability of developing eggs as noticed by Grewal and Atwal (1968). Church & 
Salt (1952) studied the normal development of Melanoplus bivittatus even at 
12°C, while Hunter-Jones (1964) observed the reduction in hatching 
percentage at temperature extremes. Parihar & Pal (1978) attached significance 
to temperature on the development of eggs of surface grasshopper and 
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Chapman & Page (1979) observed the mortality of Zonocerus variegates in 
Southern Nigeria. Hewitt (1979) laid stress on temperature and precipitation in 
the environment and their effects on the development of rangeland 
grasshoppers. Shulov (1952b) observed higher relative humidities as 
detrimental to one day old eggs. However, Shulov (1970) has given the 
importance of humidity in the development of eggs of Nomadacris 
septemfasciata and Locusta migratoria migratotioides. Berbays (1972) 
emphatically attributed the water content of the soil as an important factor in 
determining the size of hatchling in Schistocerca gregaria. Uvarov (1966) and 
Berbays (1971a) made a comprehensive study of the form and activity of 
vermiform larva of Schistocerca gregaria. Papillon et al. (1980) could find 
hormonal imbalance in Schistocerca gregaria with changing temperature. El-
Ibrashy et al. (1985) have made some very useful observations on metabolic 
effects of juvenile hormones in the female desert locust. 
Thomas (1980) observed the effect of casting temperature on Palinia 
acuminata. The account on the effect of temperature and humidity on the 
development of Oxya hyla by Mahto (1981) and by Ali (1982) on Acrida 
exaltata are of useful nature for further studies. Khousidjia & Fuzeau-Braesch 
(1982) observed the effect of temperature, grouping and isolation on several 
strains of Locusta migratoria, while Gregg (1983), Ingrisch (1983) and Kumar 
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& Matin (1983) have investigated the effects of weather, humidity and soil 
moisture on various acridoids. Gregg (1984) presented a stimulation model of 
the development of Chortoicetes terminifera under fluctuating temperatures 
and Gregg (1985) stressed the temperature as an important factor in the 
embryology of diapausing Australian locust. Iheagwam (1985) observed wet & 
dry season Mendelian population ofZonocerus variegatus in Nigeria. 
Studies on the effects of different degrees of temperatures and level of 
humidities on different stages of acridoids have been worked out by many 
workers like Grewal & Atwal (1968); Parihar (1971); Khan & Aziz (1973a, 
1974c); Iqbal & Aziz (1973); Majeed & Aziz (1980a, 1980b) and Ali (1982). 
These workers have attributed temperature and humidity as an ecological factor 
responsible for the rate of development and hopper duration periods. Grewal & 
Atwal (1968) observed decrease in hopper duration of Chrotogonus 
trachypterus with the increase in temperature and relative humidity. Pradhan & 
Peswani (1961), while working with Hieroglyphus nigroreplutus, observed that 
the rearing at 32±1*' C was more favourable than at 26±1° C at which the 
attainment of the adult stage has taken double the time and the development did 
not proceed at 20" C and 40° C. Similar observations are made by Parihar 
(1971); Khan & Aziz (1973a, 1974a, 1974c); Iqbal & Aziz (1973) in 
Poekilocerus pictus, Oedaleus abruptus, Eyprepocnemis alacris and 
16 
Review of Literature 
Spathosternum prasiniferum, respectively. Abou-Elela & Hilmy (1977) 
observed the effects of photoperiod and temperature on the developmental 
stages of Acrotylus insubricus. 
The effects of different levels of temperature and humidity on the 
development were studied by Grewal & Atwal (1968) with reference to pre-
oviposition and oviposition periods in Chrotogonus trachyptenis. Iqbal & Aziz 
(1973) recorded that the gonads mature earlier at 35° C and the female did not 
oviposit at IS^C and 45° C in Spathosternum prasiniferum. 
In acridids the number of nymphal instars may vary from species to 
species and even in individuals of the same species (Joyce, 1952b and Katiyar, 
1961). However, Hunter-Jones & Ward (1959) in Gastrimargus africanus 
observed variation in the number of hopper instars in male and female of the 
same species. 
The distribution of grasshoppers in relation to vegetation and physical 
factors has been observed by Smith (1950); Abushama & Elhag (1971); Iqbal 
& Aziz (1975) and Moonis & Aziz (1977, 1980). Similar observations were 
made by Majeed & Aziz (1981b) while working on Gastrimargus transversus 
with reference to the effect of different food plants on the development of 
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hoppers and their survival. Observations made by Ratan (1978) on the 
utilization of food by Acrida exaltata are of an informative nature. Khan (1974) 
in his Ph.D. thesis on bionomics and life-history of some acrididae made 
preliminary observations on Oedaleus abruptus and its nutritional behaviour 
and Majeed (1978) in his Ph.D. thesis on ecological factors affecting 
Gastrimargus transversus had also made some observations on the importance 
of food plants as an ecological factor. Workers like Williams (1954) and Misra 
(1962) made some sporadic observations on the food patterns in grasshoppers. 
Abushama & Elhag (1971) have studied the distribution and food plants 
selection near Khartoum while Toye (1974) was able to record the feeding and 
locomotary activities of Zonocerus variegatus and Aziz & Aziz (1985) 
recorded plant selection pattern in Oxya velox. Useful studies were made by 
Bailey & Mukherji (1976) on the feeding habits and food preferences of 
Melanoplus bivittatus. Mulkem et al. (1969) had given comprehensive accoimt 
of food habits of grassland grasshoppers of North Central Great Plains. Berbays 
et al. (1974) observed the inhibitory effects of seedling grasses on fecundity 
and survival of Locusta migratoria migratorioides, Nomadacris 
septemfasciata, Chortoicetes terminifera, Melanoplus sanguinipes and 
Schistocerca Americana. Misra (1962) observed that Camnula pellucida was 
able to discriminate nutritionally favourable plants from unfavourable ones. 
Rizvi & Aziz (1967) recorded the damage to vegetable and medicinal plants 
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caused by Oxya velox. The intra species food preferences were studied by Ba-
Angood & Khidir (1975) in Schistocerca americana and Iqbal & Aziz (1975) 
used twelve different food plants for food preferential values of different stages 
of Spathostemum prasiniferum. 
Chabuike (1979); Ali (1981); Chandra (1981); Hanififa & Periasamy 
(1981) and Ronderos et a/. (1981) observed some striking food preferences in 
African migratory locust, Bombay locust, desert locust, Acrotylus insubricus 
and Argentinian acridids, respectively. Manchanda et al. (1982) gave an 
impressive account of the host plants in relation to growth and development of 
Schistocerca gregaria while Chandra & Mital (1983) recorded similar 
observations in Chrotogonus trachypterus. Chandra & Chandra (1983) made a 
simple approach to rapid screening of plants for feeding preferences in 
Schistocerca gregaria. Food preferences for Poekilocerus pictus were 
investigated by Muralirangan & Muralirangan (1984) while Muralirangan & 
Muralirangan (1985) reviewed physico-chemical factors in acridid feeding. 
Ananthakrishnan et al. (1985) probed into food preferences in non - gregarious 
adults of Schistocerca gregaria and Chandra (1987) made some good 
observations on the food selection behaviour of desert locust. Very recently 
Chapman (1988) investigated the relationship between diet and size of the 
mid-gut in grasshoppers. 
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Smith et al. (1952) and Barnes (1955) studied the survival, fecundity 
and growth of the grasshoppers. Iqbal & Aziz (1977) observed the effect of 
different food plants on the development and reproductive potential of 
Spathosternum prasiniferum. The findings made by Toye (1973) and Bemays 
& Chapman (1973) on locusts are to be mentioned. 
Barnes (1965) studied the effects of different food plants in terms of diet 
quality and its respective bearings on the health of the grasshopper. Manchanda 
et al. (1980) observed a new phenomenon related to the effects of host plant on 
the morphometries and phase status of Schistocerca gregaria while Roonwal 
(1982) attached a biological significance to the pigmentation in the 
grasshoppers. 
Effect of crowding on the development of grasshoppers and changing 
behaviour were studied by Norris (1950, 1952) in the African migratory locust 
and desert locust, using crowded and isolated conditions but could not detect 
any difference in nymphal duration. Antiniou & Hunter-Jones (1956) found 
crowded conditions detrimental to the survival of Eyprepocnemis capitate 
especially in the first instar hoppers. Burnett (1951) studied the life-cycle of 
Nomadacris septemfasciata in relation to solitary phase while Staal (1961) 
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observed the development of Locusta migratoria migratotioides in relation to 
crowded conditions. Hunter-Jones & Ward (1959) found rearing density 
having no effect on the adult morphometries in Gastrimargus africanus. The 
density among adults of Gastrimargus africanus has no relevance with sexual 
maturation. This is in contrast to the observations made by Norris (1950, 1952) 
and Hunter-Jones (1958) in locusts. Norris (1962a) made observations on the 
density and grouping effect on sexual maturation, feeding and activity in caged 
Schistocerca gregaria. Gassier (1972) observed the influence of rearing 
conditions (Isolated and Crowded) on the fecundity of females of Locusta 
migratoria migratorioides. Papillon (1972) also studied the influence of 
crowding of adults on their fecundity and polymorphism in their progeny while 
working on Schistocerca gregaria. Khan & Aziz (1974b) observed the effect of 
crowding on the hopper developmental periods on Oedaleus abruptus and 
Eyprepocnemis alacris under controlled conditions. Rizvi et al. (1975) 
observed the effect of crowding on the nymphal duration of Hieroglyphus 
nigrorepletus. Majeed & Aziz (1977, 1981c) observed the effect of crowding 
on the fecundity and viability of eggs and development of different stages 
under different density at constant temperature and relative humidity. Moonis 
& Aziz (1978) studied the effects of crowding on the development and 
fecundity of Trilophidia annulata. 
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The studies on the phase polymorphism and morphometries of locust 
were made by several workers. Dirsh (1951, 1953); Roonwal & Nag (1951) 
and Misra et al. (1952) gave several measurements and ratios for characterizing 
phases in locusts. Key (1950) made a valuable critique on the phase theory of 
locusts. Blackith (1957) experimented polymorphism in some Australian 
locusts and grasshoppers. Stower et al. (1960) also studied the morphometries 
in desert locust. Ellis (1951) studied marching behaviour of hoppers while 
Denis et al. (1976) recorded morphometrical changes in Locusta migratoria in 
relation to density. Ellis (1962) noted behavioural differences of locusts in 
relation to phase and species. Tanaka (1982) studied the crowding effects on 
the migratory locust in Japan. Chandra (1983) observed a small concentration 
of Oedaleus senegalemis in Rajasthan desert, which is of great importance in 
desert locust populations in relation to habitats. Basit et al. (1984) reported 
morphometrical changes of significant nature while rearing Gastrimargus 
africanus. Bellinger & Pienkowski (1987) investigated developmental 
polymorphism in red-legged grasshopper in USA. Rafeeq & Rizvi (1989) and 
Razak & Rizvi (1989) have made some observations on the suspected 
gregariousness in Oedaleus senegalemis and Acrida exaltata, respectively. 
Enviroimiental conditions play an important role in the grasshopper 
population structures. It is correlated with food availability, ecological niche 
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and changing temperature with photoperiod. Favourable ecological conditions 
are attributed to vigorous biological activities. Comprehensive work in this 
field has been done on different acridoids notably by Richards & Waloff 
(1954); Katiyar (1955, 1956b); Mac Carthy (1956); Edwards (1960); Pickford 
(1960, 1966a); Chapman (1962); Riegert & Pickford (1963); Lea (1969); Smith 
(1969); Nakhla (1970); Pick & Lea (1970); Khan & Aziz (1973a, 1973b); 
Qayyum & Atique (1973); Descamps (1975); Majeed & Aziz (1975); Moonis 
& Aziz (1977); Haq & Aziz (1978); Duranton & Lecoq (1980); Ali (1982); 
Julka et al. (1982); Serjeev & Li (1982); Agrawal & Rizvi (1982); Basit et al. 
(1983); Hazra et al. (1984); Materu (1984) and Mital & Chandra (1984). These 
workers have investigated the ecological and biological aspects of various 
grasshoppers in relation to their habitats, environmental conditions and 
zoogeographical conditions. Paranjape (1985) gave special emphasis to 
behaviour analysis to feeding and breeding in orthopteroid insects while Singh 
et al. (1985) made some field observations on the seasonal abundance of 
Atractomorpha crenulata. 
The work on the population fluctuations of locusts and grasshoppers, 
their pattern of distribution and abrupt changes due to competitive relationships 
had been done by El-Minshawy et al. (1978); Ting et al. (1978); Chapman et 
al. (1979). Mulkem (1980) and Farrow (1982) investigated population 
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dynamics of Australian plague locust with reference to analysis processes, 
while in India, Parihar (1983) stressed seasonal variations in population of 
Pyrgomorpha bispinosa. Haider (1986) studied the population ecology of three 
acridids in West Bengal. Hugueny & Louveaux (1986) observed specifically 
aridity gradient and latitudinal variations in size in populations of Calliptamus 
barbanis while Hewitt & Onsager (1988) studied effect of sagebrush removal 
and legume interseeding on rangeland grasshopper population. A new approach 
has been adopted by Johnson & Adla (1988) in studying spatial and temporal 
computer analysis for grasshoppers in Alberta and is considered a new 
technology for rapid mapping of variables and their use in computer models. 
Agrawal & Rizvi (1982) observed the emergence of Hieroglyphus 
nigrorepletus just after winters in North India when the species was found 
throughout India as univoltine and only seen in mo8nsoon season. Jago (1963) 
describing life-histories Eyprepocnemis plorans in different seasons of the 
year. Phipps (1968) made observations on ecological distribution and life-cycle 
of some tropical African grasshoppers. Khan & Aziz (1973b) and Majeed & 
Aziz (1978) studied the seasonal variation in the population of the hoppers of 
Oedaleus abruptus and Gastrimargus transversus, respectively. Descamps 
(1975) made observations on acridid population of the state of Veracruz in 
relation to climatic conditions. 
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Some good work on the life-history, Hfe-cycle (laboratory as well as 
field conditions) for various species had been produced by Pener & Shulov 
(1960) for Calliptamus palaestinensis; Dudley (1961) for Locusts; Bhatia & 
Singh (1965) for Schistocerca gregaria; Riegert (1967a) for Camnula 
pellucida; Antoniou «& Hunter-Jones (1968) for Eyprepocnemis plorans 
ornatipes; Ibrahim (1970) for Pyrgomorpha conica; Ba-Angood (1976) for 
Cyrtacanthacris tatarica; Roonwal (1976) for Hieroglyphus nigrorepletus; 
Moonis & Aziz (1977) for Trilophidia annulata; Antoniou (1978) for Humbe 
tenuicomis; Baloch (1978) for Ailopus thalassinus; Haq & Aziz (1978, 1979) 
for Acrotylus humbertianus; Lecoq (1978) for Sudansese acridid; Duranton et 
al. (1979) for Catantops; Parihar (1979) fox Pyrgomorpha; Gunnarsson (1980) 
for locusts; Ibrahim (1980) for Heteracris; Lecoq (1980) for West Afiican 
acridids; MacFarlane & Thorsteinson (1980) for Melanoplus bivittatus; 
Onsager & Hewitt (1982) for rangeland grasshopper; Capinera & Sechrist 
(1984) for Colorado grasshoppers; Holmberg & Hardman (1984) for six 
species of Canadian grasshoppers; Chapman et al. (1986) for Zonocerus 
variegatus; Waloff & Pedgley (1986) for South American locust; Whitman 
(1986) for Taenipoda eques. Cherill & Begon (1989) laid special stress on the 
timing of life-cycle in a seasonal environment with reference to temperature 
dependence of embryogenesis and diapause in Chorthippus bruneus. 
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In the last ten years the work on Acridoids have been carried out with 
unsequential concepts. Species have been chosen as a model not to be 
investigated with special reference. Das et al. (2002) could record the effect of 
food plants on the growth rate and survivability of Hieroglyphus banian of no 
new concept involved therein. Similarly Das et al. (2001) had touched 
fecundity and fertility of Oxyajuscovittata without much inference. 
Nath and Haldar (1992) while working on food preferences have given 
satisfactory results and they have given a touch to mortality rate in Acridoid 
with environmental cues. Dealing with nutritional ecology, Waldbauer & 
Friendman (1991) have published a good work on self-selection of optimal 
diets by insects, which may be applicable to Acridoids as well. 
The Acridoids of undisputed agricultural importance, under study, and 
available literature on them suggests that these two species Choroedocus 
illustris and Acrida exaltata were totally neglected by entomologists in general 
and acridologists in particular. The following literature on these two species is 
self explanatory to the decision taken to under take comprehensive studies on 
them. 
26 
Review of Literature 
The biology, chromoecology of Choroedocus illustris has never been 
investigated except it was first noticed by Hussainy (1951) as a pest of 
sugarcane at coimbatore (South India). Further, Roffey (1979) has reported the 
species feeding and destroying banana, castor, chillies, cotton, groundnut, 
maize, rice, sorghum in various parts of Thailand and attributed the type of 
damages to the above economically important crops as to refer the species of 
considerable potential pest. The first report by Badruddin et al. (2003) on 
Choroedocus illustris regarding chromo-ecological studies as bio-indicators in 
polymorphic behaviour appear to be important in the field of the colour 
patterns of hoppers as initiated by stower (1959) in desert locusts and their 
respective fiirther studies. 
Likewise, the work on Acrida exaltata and available literature shows 
that there is no information on any aspect of its life and living except scattered 
reports by Ali (1982), Dwivedi et al. (1987), Garlinge et al. (1991), 
Golemonskey et al. (1998), Lo (1992), Patel and Dwivedi (1997), and Zhong 
etal.{2m\). 
Some sporadic reports have been published on colouration associated 
with microhabitat or as behavioural pigmentation depiction or as a cryptic 
behaviour presentation by Colvin and Cooter (1995), Eterovick et al. (1997), 
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Islam (1998), Konno (1998), and Sword and Simpson (2000). But recently 
Badruddin et al. (2003) and Khan et al. (2003) have experimentally proved that 
the acridid colouration under abiotic and biotic factors can be used as 
bioindicators for the environmental changes. 
During present studies, experiments have been conducted and the 
observations on the colour patterns are of great significance as per concept of 
being bioindicators may be of ethological importance to acridologists in future. 
Therefore, looking at the available literature, the present work may 
prove the complete investigation profile on these two important species of the 
sub-continent. 
Rizvi et al. (2003) and Khan et al. (2003) have initiated investigations 
on the biology, biological control and chromoecology of acridoids. Therefore, 
the present author has selected to investigate various biological, bioethological 
and chromo- ethological aspects of two grasshopper species. 
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Materials and Methods 
Large number of mature adults and immature stages of Choroedocus 
illustris Walker, and Acrida exaltata Walker, were collected from different 
areas of Aligarh, Lat. 27 ° 34' 30" N and Long. 78° 4" 26' E (Fig.4). They were 
reared in wooden cages, each measuring (53 x 40 x 30 cms). Three sides of the 
cages were made of wood while the front side was further divided into two 
parts, the upper and the lower. The upper part was fixed and made of glass, 
measuring (31 x 31cm), while the lower part, measuring (31 x 12cm), formed a 
wooden window for cleaning. The three wooden sides contained the windows 
fitted with wire gauze. At about 40cm from the top of the cage, a false floor of 
wire gauze was provided with six holes each measuring 3.5cm in diameter. The 
metallic tubes, each measuring 11cm in length and 3 cm in diameter were filled 
with moist sterilized sand (8.00ml distilled water for lOOgm of sand). These 
tubes were inserted into the holes of the false floor and provided a pseudoearth 
for oviposition. The wooden roof was provided with a lid measuring (13 x 
13 cm) for transferring the insects, food etc. These cages were not 
thermostatically controlled but the heat was regulated by changing the number 
and, wattage of the electric bulb in the cage. Each cage was provided with a 
number of sticks for perching and moulting and also for basking. A petridish of 
water covered with perforated zinc sheet was kept in each cage and refilled as 
oflen as necessary, to keep the humidity at the desired level (Fig.4). 
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Materials and Methods 
In order to study the distinguishing characters, sexual maturity, 
copulation, oviposition, fecundity, fertility, longevity of the adults, 
development of the eggs and the hoppers of Choroedociis illnstris and Acrida 
exaltata, the entire work was subdivided into four portions such as biology, 
population studies, environmental effects - impact on behaviour and colour 
patterns, gregarization and natural enemies. 
BIOLOGY 
Adults were reared in wooden cages in the laboratory and the first 
generation was separated in two groups in which one was kept at constant 
temperature and humidity as per requirement while the other group was housed 
in field cages for natural biology (under field conditions). 
The egg-laying tubes containing freshly laid eggs were separated into 
two batches, one for field and the other for incubators. 
The daily temperature, relative humidity and rainfall in the field was 
recorded fi-om the weather station. Department of Physics, A.M.U. Aligarh, 
which is hundred yards away from our field laboratory. The incubators were set 
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at 27+1 °C and 37+1 °C, and 45°C with 70 ± 5 % R.H. for control conditions. 
The egg-pods were moistened daily according to requirement. 
The hoppers thus hatched were kept in glass jars (15 x 20cm) and fed 
twice daily with fresh leaves of maize (Zea mays) with the experimentally 
designed conditions of temperature, food and crowding. The open ends of the 
jar were covered with muslin cloth held with a rubber band. During individual 
as well as crowded rearing, observations were taken on all aspects of biology. 
On every stage of development, the morphometries was done for the 
developmental rate and differences between various biological stages. The 
general body colour of these insects especially the colour changes of the head 
and pronotum region were recorded in detail. Four different combinations were 
made by using three ecological parameters viz. temperature, food and 
crowding. Two more replicas of these four combinations were run in parallel 
for any secondary infection leading to mortality of the experimental stock The 
data thus recorded were analysed statistically for their significance. More 
emphasis was given on the behavioural changes and colour patterns throughout 
the research work. Behavioural studies included band formation, gregarization, 
cannibalistic behaviour and swarm formation while as chromatic changes were 
studied visually and under light microscope and presented in the form of colour 
plates having outline diagram of head and thorax. These colour plates were 
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scanned and indexing was done by using the Dictionary of Colour by Maerz 
and Paul, 1950, London. 
POPULATION STUDIES 
The field observations on the population fluctuations were taken for four 
years (2001, 2002, 2003 and 2004). During different months of the year, 
random sampling and counting of the hoppers and adults were made. The 
counting method was based on sweeping technique. A standard net was used 
for the collection of grasshoppers. Observations were made every IS'^  day for 
an hour in a specified infested area. The data thus collected were analysed and 
monthly plotting of population in the form of a graph was obtained. The 
observations for four consecutive years were taken to avoid errors in any 
change in the behavioural pattern. As temperature, relative humidity and 
rainfall play an important role in the occurrence of natural insect population, 
therefore, the monthly information about the meteorological conditions 
prevailing in Aligarh was taken from Physics Department, A.M.U. Aligarh for 
the above mentioned years and are being shown in the form of graphs. (Figs.5, 
6,7 and 8). 
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Materials and Methods 
ENVIRONMENTAL EFFECTS 
During the studies on the life-history, various environmental factors 
such as temperature, relative humidity, food plants and their effect on the 
biology of these grasshoppers were analysed to find any significant bearing of 
the ecological factors. To compare the natural and controlled conditions some 
experiments in the laboratory such as the effect of temperature, relative 
humidity and food plants on the incubation and copulation were computed and 
statistically analysed. 
GREGARIZATION 
The phenomenon of aggregation and gregarization was based upon 
morphometrical analysis of body parts. The measurements were taken with the 
help of a micrometer and a dial Vernier caliper. Morphometrical observations 
might be of immense value to establish the theory of phase formation of 
acridoids in general. 
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Part-1: ETHOLOGICAL STUDIES ON Choroedocus illustris 
WALKER 
(A) BIOLOGY 
(i) LIFE - CYCLE IN THE LABORATORY: 
(a) Adult: 
The adult of Choroedocus illustris (Fig, 9A) is of large size, antennae 
filiform, longer than head and pronotum together; frontal ridge with margin sub 
- parallel or slightly widened towards the clypeus. Dorsum of pronotum flat, 
crossed by three transverse sulci, median and lateral carinae distinct. Prostemal 
process long and cylindrical curved backwards. Tegmina and wings fully 
developed; hind femur slender; hind tibia with sparse spines, external apical 
spine absent. Male genitalia with supra anal plate large, impressed; cercus very 
large, flattened and compressed. Subgenetial plate conical, slightly recurved, 
hairy, apex truncate, sub truncate or rounded. Female genetalia with subgenital 
plate with posterior margin broadly rounded, setose, egg-guide short. Tegmina 
with small-scattered dark spots, hind tibia with white black - tipped spines. 
General coloration uniformly brown or yellowish brown; a dark 
longitudinal stripe extends from fastigium of the vertex to the hind margin of 
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Fig.9. Acrida exaltata 
A- Riding posture 
B - Copulation posture 
Observations-I 
pronotum, bordered by a narrow lighter stripe which in turn is bordered by a 
darker stripe. Tegmina with scattered small dark spots, not extending to the 
anterior margin. Hind femur yellowish, streaked with red; hind tibia and tarsi 
purplish - blue. 
(b) Copulation: 
The act of copulation is preceded by a more or less elaborate courtship 
behaviour, which has not been investigated as such in most of the acridid pests. 
The courtship involves brisk movement of antenna in both sexes with lateral 
touching of the body surfaces. Sometimes maxillary palps in face-to-face 
posture are touched by each other and last for about an hour. The courtship 
period ends with abrupt jumping of the male on the dorsal side of the female. 
The copulating posture was found to be different in this case against 
continuous riding by the male on the female, which occurs in species with two 
sexes of similar size. Since the grasshopper under study having different sizes 
in which male is smaller than the female and thus imable to reach the tip of her 
abdomen with his own and therefore, might adopt a 'dorso-lateral' posture. 
Sometimes when the male was unable to copulate with the dorso-lateral 
posture then it attaches itself to the female in a hanging posture. It was also 
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Fig.10a. Male and Female showing natural 
colour and size 
A - Choroedocus illustris 
B - Acrida exaltata 
' • • / 
V 
\ 
B 
Fig. 10b. Showing impact of crowding 
A - Colour variations in Acrida exaltata Walk. 
B - Colour changes and cannibalism in 
Choroedocus illustris Walk. 
Observations-I 
found that during the copulation the initial procedure was adopted as usual 
'riding' posture, secondarily it was changed to dorso-lateral and thirdly in a 
hanging posture and finally back to back position on the ground (Fig. 10 A, B). 
Though these findings are of academic interest but the present 
investigator attaches significance to the applied ethology related to control 
operation strategies. The period of copulation lasting about 90-600 minutes, 
which is sufficient time for control operations because this is the period when 
this acridid pest remains aggregated and sluggish (Table - 1). 
(c) Oviposition: 
The oviposition ethology involves movements of female before the 
actual egg - laying is connected with searching, locating and probing for 
suitable conditions and successful egg-laying process. The mechanism 
involves in oviposition is on typical acridian patterns such as digging, making 
false holes and preferential behaviour regarding soil conditions. Some 
observations like period of oviposition, preferences towards soil, and fecundity 
of the individual female thus recorded may be of some applied interest for 
fmding a suitable situation in control strategies. The time taken for egg-laying 
process was recorded as an average of 210.50 ± 17.05 minutes, while the 
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Table: 1. Time-table of Copulation, Egg-Laying and 
moulting processes 
(10 r e p l i c a t e s ) 
PROCESS 
Duration (minutes) 
Choroedocus illustris Acrida exaltata 
Copulation 90-600 97-268 
Period (311.000±45.471) (179.400± 14.606) 
Egg Laying 130-295 135-256 
Period (210.500±17.053) (188.700±10.502) 
Moulting Time 25-60 25-42 
(41.100±3.594) (33.700±1.745) 
Mean ± S.E. is given in parentheses. 
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Observations-I 
minimum was 130.00 minutes and the maximum was 295.00 minutes, 
respectively (Table - 1). 
As pointed out, the structure of egg-pod indicates its considerable 
dependence on the oviposition habitat of the species particularly the soil 
condition. Thus in this species it was found that the position of the egg-pods in 
relation to the soil surface and changes in their depth was in accordance to soil 
texture. In one of the findings the number of egg-pods in three different soil 
conditions were counted and the recording shows much preference for mud as 
compared to sand and badarpur (Table - 2). This observation is very useful 
fi-om soil preferential value point of view and indicates the definite egg-laying 
sites of this species. The position of egg-pod has been different on different 
occasions. The egg-pods were straight where the watering of the egg-laying 
tube was without interruptions but in those egg-laying tubes where watering 
was delayed, the egg-pods were curved. This is probably because of soil 
moisture as indicated by earlier workers in some grasshoppers. 
Other methods of oviposition: 
Basically the present species is hypodephic in nature but at times 
epidephic and epiphytic ovipositions are also recorded. The reason for this 
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changing oviposition habit may be due to supermaturation of the gonads and 
failure in finding of suitable egg-laying sites. The hatching has never been 
recorded in those egg-pods that are laid outside the egg tube. 
(d) Egg-pod and eggs: 
The measurements of egg-pod of Choroedocus illnstris, are of much 
interest as it shows a range of measurements, indicative of oviposition capacity 
of a female. Table- 3 shows the actual length of egg-pod minus the length of 
froth. The average length of egg pod in Choroedocus illustris is 3.796±0.114, 
while it was 2.285±0.370 in case of Acrida exaltata. 
The majority of acridoids of temperate climates spend the longest part of 
their life-cycle in the egg stage, the same is true with Choroedocus illustris 
which lives in a hot climate with a long dry period. During this dormancy the 
eggs can withstand the impact of adverse conditions. 
(e) Incubation and hatching: 
The incubation period of Choroedocus illustris was studied at different 
temperatures (Table- 4) with reference to hatching period of eggs. It was found 
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Observations-I 
that the suitable temperature was 35±rC for the shortest incubation period. 
The incubation and hatching was severely affected at 10±1°C and 45±1°C. the 
results are given in Table - 4. 
The effects of isolated and crowded conditions on the viability of egg-
pods and eggs and incubation period of Choroedocus illiistris were studied in 
order to ascertain the effect of crowding on the number of egg-pods, number of 
viable egg-pods, fertility, and mortality It shows that the crowding does affect 
the number, viability and the developmental frequencies of the eggs. This 
behaviour can be attributed to locust type behaviour shown by other locust 
species. In other words, it can be inferred that the crowding in Choroedocus 
illustris puts the species in a stage, which can be called as 'locust in making'. 
The observations on the number of eggs hatched and their respective 
percentage, total incubation period inclusive of minimum and maximum and 
development of eggs per day in relation to five different temperature exposures 
ranging from 10±rC to 45±rC show tremendous ecological bearing of 
temperature on the hatching of this species. The average lowest percentage of 
eggs hatched (60.15%) was at 25±rC and the average highest percentage of 
hatching went up to 76.35% at 35±1°C. in both cases the relative humidity was 
70±5 %. Likewise the average incubation period was the longest (51.14 days) 
at 25±1°C and the shortest (24.17 days) at 35±1°C. in the same manner the 
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development of eggs per day thus calculated was the slowest (1.95%) at 
25±1°C and the fastest (4.13%) at 35±1°C. There was no hatching at 10±1°C 
and 45±rC (Table-25). 
The role of temperatures as recorded under controlled conditions 
corresponds to that of natural conditions. It was observed when the atmospheric 
temperature was around 30°C and with 70.0% R.H., the hatching was at its 
maximum. 
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Observations-I 
Miscellaneous observations: 
During studies on egg mortality, the effect of high temperature on eggs 
was recorded as there was 100% mortality above 40°C and there was no 
hatching below 18°C. the resistance of eggs to low temperature and high 
temperature was investigated from the survivability of eggs of this species 
which is of much significance as they hibernate at that stage. When eggs were 
kept at -5°C for about 10 hours, the percentage of mortality was found to be 
20-25%, while at 44°C for 20 minutes, the percentage of mortality was found 
to be 15-20%. This is a relevant observation, which can be attributed to the 
hibernation behaviour of the species at low temperatures and aestivation at 
higher temperatures. It was also noted that excess watering of egg-pods cause 
egg mortality. 
The egg mortality was also recorded when the egg - laying tubes were 
exposed to solar radiation for about 8 hours a day and more severe mortality 
was observed when the muddy water was placed on top of the egg-pods. 
(f) Development of hoppers: 
According to Uvarov (1966) the term hopper may be regarded as a 
colloquial one, but it is less liable to mislead than such terms as nymph, or 
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Fig . l5 . Pre-oviposi t ion, Oviposition and Post-oviposit ion 
periods and longevity of adults of Choroedocus 
illustris at 27±1 "C fed on Zea mays. 
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Fig.16. Pre-oviposi t ion, Oviposition and Post-oviposit ion 
periods and longevity of adults of Choroedocus 
illustris at 37±1"C fed on Zea mays. 
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Fig. 17. Clwroedocus illustris Walk., growth of wing 
rudiments during hopper development 
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Fig. 18. Choroedocus illustris Walk., growth of external 
genitalia in male 
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Fig. 19. Choroedocus illustris Walk., growth of external 
genitalia in female 
Observations-I 
larva. In this text the word is being used for immature stages of the grasshopper 
before it becomes an adult. 
The development of hoppers consists of growth associated with periodic 
moults. The first instar hopper, immediately after the intermediate moult, is 
called a 'hatchling'. Its colour is light yellowish-brown or brown with patches 
of brown and gradually becomes darker after few minutes. Both males and 
females have five hopper instars before becoming an adult. 
The development of tegmina and wmgs in acridoids has already been 
considered as a special feature for distinguishing between hopper instars. In the 
first instar hopper, the lower posterior angles of the mesonotum and the 
metanotum do not show any differentiation but in the second instar they 
become somewhat extended and punctured, and in the subsequent instars they 
appear as rounded-triangular lobes, directed obliquely downward with distinct 
traces of longitudinal ridges, which are tracheae, later to become axillary vein. 
The striking change occurs in the alar rudiments in the second instar and both 
pairs of rudiments turned on their axes so that the outer surfaces become the 
inner and the rudiments of the tegmina (attached to the mesonotum become 
covered by those of the wings, both lying dorsally and directed obliquely 
upwards). Rudiments are lateral up to third instar and rudiments reversed in the 
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fourth and fifth instars before becoming adult. The reversal of alar rudiments in 
male and female of this species having five instars in their life cycle is 
illustrated in Fig. 17 and Table - 5. 
The sexual differentiation of the terminal abdominal segment and of the 
external genitalia in different instars, as well as in the two sexes, can be 
distinguished in hoppers without any difficulty. The changes in external 
genitalia during the development of Choroedocus illiistris are shown in Figs. 
(18, 19). The only noticeable change is found at the stage of final instar in two 
sexes in which both upper and lower valves are longer than paraprocts. Such 
descriptions and identification for hoppers are particularly needed for 
ethological studies in which it is essential to distinguish between species in 
mixed population fi-om their instars. A comparative description on the changes 
of the terminal abdominal segments during the development in both sexes are 
as follows: 
43 
Observations-I 
Stage Male Female 
Subgenital plate semi-
circularly excised at apex, 
with short obtuse lobes 
covering only base of 
paraprocts. 
Upper ovipositor valves short, 
triangular sub- acute, separated by 
a broader excision. Lower 
ovipositor valves represented by a 
transverse fold (distinct only 
towards end of the instar) at bases 
of upper valves. 
II Subgenital plate narrowed to 
apex, which has a shallow 
excision and reaches middle 
of paraprocts. 
Upper ovipositor valves longer, 
acute, separated by a broader 
excision. Lower valves broadly 
triangular, separated by acute 
angular excision. 
Ill Subgenital plate broadly 
parabolic apex, reaching 
beyond middle of paraprocts. 
Upper ovipositor valves broader, 
separated by a broader excision. 
Lower valves almost as long as 
upper. 
IV Subgenital plate with 
narrowly parabolic apex 
reaching almost to apex of 
paraprocts. 
Subgenital plate elongate-
Upper ovipositor valves longer, 
triangular, acute, separated by a 
broader excision. Lower valves as 
long as upper 
Left and right ovipositor valves 
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parabolic, much longer than separated along its middle line, 
paraprocts, pointed at apex. Upper and lower valves longer 
than paraprocts. 
Adult Aedeagus is formed. Upper and lower valves sclerotised 
and well-developed ovipositor is 
formed. 
The moulting from one hopper instar to the next is essentially a 
biological repetition. The hopper climbs a plant or twig and hangs head 
downward thus utilizing the gravity in the process but it was notable that 
impartial moultings do occur, when there is over-crowding in the cages. Such 
impartial moultings lead to various deformities, which are manifested in 
various morphological changes but having no adverse effect on the 
reproductive potential. This is a new observation hitherto unknown. 
The variation in the number of hopper instars between species or in a 
single species taking sexes into account, have already been reported by various 
acridologists. The sub-family Acridinae shows variation in the number of 
instars in both sexes. The present study shows no such variation in the number 
of hopper instars. Both males and females have five hopper instars in all 
experimentally set ecological conditions in the laboratory; however, it affects 
the hopper duration quite considerably (6, 7 and 8). Minimum male hopper 
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duration was observed to be 49.10±0.706 days (crowded conditions) 37°C and 
the maximum was 53.90±0.585 days (isolated conditions) at 27*^ C, fed with 
Zea mays, While as minimum female hopper duration was observed to be 
50.00±0.566 days (crowded conditions) at 37*^ C and maximum as 56.10±0.504 
days (isolated conditions) at 27^C with Zea mays as food. It was noticeable that 
both males and females show less hopper duration under crowded condition, 
suggesting their faster developmental rate. 
Another aspect of crowded and isolated conditions and their impact on 
various parameters of biology are shown in (Tables - 7 & 8) for Choroedocus 
illiustris and Acrida exaltata, inferring that a change is found in pre -
copulation and post - copulation periods. Both these species are found tending 
towards behavioural changes when subjected to two different conditions. The 
deviations are of much importance and are indicative of a tendency of 
gregarious at times, in these two species. 
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DESCRIPTION OF HOPPER INSTARS: 
First instar hopper: 
The freshly hatched nymphs are yellowish brown with brownish patches 
dorsally that becomes darker after few minutes, light yellowish green ventrally. 
Head light brown with brown markings, all three pairs of legs greyish brown 
with hind pair slightly darker than anterior pair of legs. 
Second instar hopper: 
Slightly darker than first instar with head streaks become more clear, 
dark brown in colour. Dorsally brownish with dark brown spots, greyish 
ventrally. Hind legs with dots and stripes. Sexes more distinct. Ovipositor 
valves of female present. 
Third instar hopper: 
Similar to second instar except the dots and streaks on the head and 
pronotum become dark brown and more prominent. Hind femur yellowish grey 
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with alternate dark brown bands, hind tibia grey with intermittent pale spots. 
Wing pads distinct. Ovipositor valves very clear. 
Fourth instar hopper: 
General colouration brown or dull brown with yellow streaks 
throughout, lateral margin with dark brown patch throughout or bands in 
between. Wing - buds more distinct, reversed in both the sexes. 
Fifth instar hopper: 
General colouration brownish, eyes, antennae, head and thorax darker 
than in previous instar. Dots and streaks become blackish brown. Wing buds 
increase in size. Both males and females become adults following the moult at 
the end of this instar. Wing buds becoming fully developed wings. 
Sixteen body parts of all stages of hoppers including adults of both sexes 
were measured in order to have comparative rate increase and the 
developmental mean rate which have been tabulated and calculated and are self 
explanatory (Tables 16 - 23). 
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Application of Dyar's law: 
The Dyar's law (1890) was applied in lepidopterous larvae. This law can 
also be applied in case of acridoids where successive formation of instars is a 
progressive development. The measurements of head width of the successive 
instars were made separately in both sexes and within the same sex. 
The head width in successive instars increases in a geometrical 
progression (Fig. 20). The average increase in each instar for males was 1.264 
(minimum) at 27*^ C under isolated conditions and goes up to 1.309 (maximum) 
at 37 C under crowded conditions, While as in females, the average increase 
was 1.233 (minimum) at 37°C under crowded conditions and reaches up to 
1.409 (maximum) at 27°C under the same crowded conditions. The calculated 
head width is found close to the observed head width (Table - 9 & 10). These 
figures are enough to determine the instars and eliminate any possibility of 
missing an ecdysis in the life-cycle. Although the above figures are not 
completely identical in nature but these are sufficiently close to infer that the 
increase in head width follows Dyar's law. The slightest variation in ratios may 
be due to less number of measurements in each instar and also because of sex 
differentiation. 
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Fig. 20. Application of Dyar's law to Choroedocus illlustris Walk, under 
isolated and crowded conditions at 27 ± 1 "C & 37 ± 1 "C fed on 
Zea mays. 
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(ii) LIFE CYLCE IN THE FIELD: 
There are generally two complete generations in a year and the third one 
was found overlapping and rather incomplete. The first hatching was recorded 
in the last week of May 2001 and such hatchings continued up to August. 
Development of various stages completed up to the last week of October. 
During development they increase their size and become final instar hopper to 
finally moult into an adult stage. In the first week of November, copulation was 
recorded and within a week egg-laying took place. Such eggs hibernate during 
December, January and up to the second week of February. This was on the 
same pattern as with other acridoids in temperate climates with cold winters as 
found in Aligarh. This might be considered as a winter diapause. In the last 
week of February there was an expected shower resulting in hatching of this 
species and such hatching was recorded up to the last week of March. This 
hatching of hoppers and completion of development was completed by the first 
week of May when they become sexually mature. In this way the second 
generation was started in February and completed in April. 
The first generation passes through the April and May and the second 
generation passes through October and November. There was no obligatory 
diapause. The above description is based on complete recordings of two 
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generations in the year 2001- 2004. Overlapping generations and presence of 
various stages of Choroedocm illustris throughout the year suggests that there 
are more than two generations depending upon the environmental factors such 
as temperature and humidity. 
Some variations in the hatching period, and time of development of 
Choroedocm illustris can be attributed to various temperature regimes 
experienced by egg-pods, availability of preferred food and conducive egg-
laying sites. 
The seasonal variations in the field population of Choroedocm illmtris 
in different months of the year, 2001-2004 on the basis of fortnightly capture 
with daily recording of temperature, relative humidity along with rainfall are 
given in Figs. (5, 6, 7, 8 & 21). 
The adults of this species were found quite active in December and 
January as well but their reproductive activity was at the lowest ebb. Likewise, 
the hopper stages, mostly late instar hoppers, were also found in extreme cold 
months showing unusual long duration in the nymphal instars. Obviously it can 
be attributed to an exceptional ability of an ecological adaptation to severe cold 
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and to pass unfavourable condition. This is not commonly found in species 
regularly confined to temperate climate. 
(B) POPULATION STUDIES 
The population studies of Choroedocus illmtris, taken into account 
seasonal variations in numerical abundance of all stages with special reference 
to variations in sex populations. In addition to it, special importance was 
attached to its small-scale movements. 
(a) Seasonal variations: 
Choroedocus illustris is found, throughout North India and almost all 
stages could be seen during extreme climate. Normally they are abundant in 
short grasses like Cynodon dactylon Pers., and during rainy season they enter 
into tall grasses like Panicum psilopodium Trin. The local open savanna in 
Aligarh consists of the following grasses: 
Cyperus rotundus Lin., Paspalum distichum Linn., Seteria glauca (L.) 
Beauv., Andropogon adoratus Linn., Panicum psilopodium Trin., and Cynodon 
dactylon Pers., was found to be mostly preferred by Choroedocus illustris. 
There were two complete generations in a year with third incomplete 
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generation. In the month of September and October the population of adults 
and final instar hoppers has considerable size while it dwindles in the month of 
December and January. The seasonal variations in the population of this 
species on the basis of monthly records for four years 2001, 2002, 2003 and 
2004 is shown in Fig. 21. The relative abundance in different months of the 
year in relation to temperature and humidity and rainfall has been shown in the 
meteorological data in Figs. (5, 6, 7 & 8). 
This species has never been found totally absent from breeding grounds. 
Occasional or abrupt depletion in population has been due to sudden changes in 
the environmental conditions. 
(b) Variations in sex population: 
The sex ratios in the nymphal instars for the years 2001, 2002, 2003 and 
2004 were recorded as 1:1 in first instar hoppers. The ratio oscillates in 
subsequent nymphal instars but finally the ratios in the aduUs are in favour of 
females than males. This is due to high mortality among males. In some areas 
the male population was exceeding the female. This male excess ratio was 
recorded in September, which dwindles in October onwards, while the female 
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population increased and stabilized in the month of October and November. 
This may be attributed to the post copulatory exhaustion of the males resulting 
in higher mortality among males. The stability of sex or survival potential of 
female sex was more pronounced than the male. 
(c) Small scale movements: 
During summer season of the years 2001-2004, a comprehensive study 
was made to explore the environmental factors influencing movements of this 
species in and around Aligarh, including all stages. Plot marking technique was 
adopted with special reference to available grass plot in the habitat which were 
divided into three categories namely: 
1. Grass between 5 - 6 inches 
2. Grass cut to within an inch to the ground 
3. Bare ground with an occasional tuft of long grass 
These plots of the habitat were marked alternatively and the number of 
hoppers and adults entering in each alternative area was recorded. It was also 
recorded that the effect of slopes remain on the number of grasshoppers 
entering short grasses only, that more hoppers entered the short grasses at the 
bottom of the slope than at the top. 
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The small-scale movements of the adults were confined to long and 
short grasses with intermittent and abrupt flights. The movements were also 
found to be affected by the day length. It was also critically observed that the 
male adults entering tall grasses leaving short while females were entering into 
short grasses as compared to tall grasses. All observations are based on visual 
inspections during the course of experimentation (Fig. 22). 
(C) ENVIRONMENTAL FACTORS 
(i) TEMPERATURE: 
Effect of temperature on various activities of the pest under study has 
shown a significant pattern regarding temperature gradient for hatching, 
incubation, daily rate of development and growth. Temperature is an abiotic 
factor of the envirormient and certainly plays a decisive role in the life of the 
insect. The effect of temperature as an environmental factor has been studied 
under four categories, namely, eggs, fertility, hopper development and 
locomotary behaviour. 
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(a) Effect of temperature on eggs: 
Table - 4 includes the results pertaining to the effect of different 
temperatures on the hatching and hatchability of the eggs. The incubation 
periods have also been recorded. The relative humidity was constant (70±5%) 
but the temperature was variable from lOT to 45°C. There is no hatching at 
10°C and 45°C. This experiment was done with five hundred eggs at various 
occasions. As regards the incubation, the temperature ranging from 25°C and 
35°C have shown degrees of incubation period. The percentage of hatching has 
also been calculated at various temperatures in Table - 4. The temperature 
range of the survival percentage has also been recorded. 
(b) Effect of temperature on fertility: 
The fertility is referred to the number of eggs hatched in one life-cycle. 
Temperature gradient and its variables have shown various potentials of 
hatching or rather successfiil hatching and thus found to be 76.35% at BST 
when 1400 eggs were incubated. Confrary to it there was only 60.15% hatching 
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when eggs were incubated at 25°C with 921 eggs incubated. Such variabilities 
and their effects are shown in Table - 4. 
(c) Effect of temperature on hopper development: 
Temperature does affect the developmental processes of various 
nymphal stages in this insect with special reference to two different sexes and 
their survival percentage at varying temperature. It was recorded that the 
temperatures, ranging from 25°C to 35°C, have various potentials of 
developmental rate and survival percentage of hopper was found to be highest 
at 30°C as 66.25% (Table - 11). These observations seem to be in agreement 
with the natural life and living in wilderness with variables of abiotic factors. 
(d) Effect of temperature on locomotory behaviour: 
In an experimental cage all the nymphal instars were studied at different 
levels of temperature maintained constantly. The slowest locomotory activity 
was found at 10°C, which gradually increased when transferred to 25°C and 
became maximum between 30°C and 35°C. The brisk locomotory behaviour in 
all nymphal stages including newly hatched adult was raised to more than 44°C 
eventually causing death. 
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(ii) HUMIDITY: 
It is already known that the relative humidity plays an important role in 
the physico-ecological behaviour of acridoids in general. However, nothing is 
known in this species. The present day study is based on wet and dry 
conditions created in terms of low and high humidity. The effect of humidity of 
the soil, oviposition site and the development of hoppers and finally the 
fecundity was recorded. 
(a) Effect of soil moisture on egg development: 
The effect of soil moisture was studied under three conditions: where 
soil moisture was absent, present and in abundance or in excess. 
In the present experiment, three egg-laying tubes with egg - pods were 
selected. One tube was not provided with any moisture while the second one 
was continuously provided with water and the third one was flooded. The result 
was that there was no hatching in the first and third tube and the second one 
gave normal hatchlings. 
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(b) Effect of moisture on the selection of oviposition sites: 
The present species under study was tested with three different soils 
having variable moisture contents namely, completely dried, moist and flooded. 
On releasing mature females, the egg-laying was done only in moist soil 
and the dry and the flooded soil was rejected by them. 
(c) Effect of relative humidity on hopper development: 
Like temperature, relative humidity is an ecological parameter, which 
affects the development process. Completely dry conditions like 5-10% R.H. 
show the least developmental progress by affecting general health and 
extending life span. The humidity ranging from 50-80% are preferred as 
evident from the normal developmental rate of the hoppers and timely life-
cycle span. The excess of relative humidity also causes either developmental 
retardation or death of the individual. 
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(d) Effect of relative humidity on fertility: 
The fertility in terms of percentage of hatching was found lowest at 10% 
R.H. and very high at 70-80% R.H. above that the fertility was at the lowest 
rate ever recorded. 
(iii) FOOD: 
(a) EfTect of food plants on the development: 
The effect of quality and quantity of food is of great significance in the 
development of various stages of insect during their life-cycle. The present 
experiment has been designed to test various food plants on the success and the 
rate of development of various stages of this species. Table - 13, shows all 
such data regarding food plants, success of development, sexes of hopper 
development and the rate of development per day. The plants found in the 
habitat are listed and tested in the laboratory on the basis of sex and hopper 
development period. It was found that Brassica oleracea was most preferred by 
both sexes, which completed their life-cycles in 44.00 days (males) and 53.60 
days (females) while feeding on Andropogon adoratiis prolonged the life-cycle 
span up to 70.90 days in males and 87.90 days in females. It was thus 
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Table: 12. Effect of different food plants on the hopper 
development period and daily rate of 
development of Choroedocus illustris Walk, 
reared at 37 ± 1 "C and 70 ± 5 % R.H. 
Name of food plants Sex Hopper development 
period 
(Days) 
Development of 
hoppers/ day 
(%) 
Andropogon adoratus 
Cynodon dactylon 
Paspalum distichum 
Sorghum vulgare 
Saccharum offidnarum 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
66.00-72.00 
(70.90±0.34) 
85.00-91.00 
(87.90±0.75) 
55.00-65.00 
(62.93±0.45) 
61.00-70.00 
(65.30±1.12) 
41.00-44.00 
(43.50±0.28) 
70.00-76.00 
(74.20±0.86) 
55.00-62.00 
(59.10±0.67) 
65.00-73.00 
(71.60±0.93) 
65.00-71.00 
(68.10±0.48) 
85.00-92.00 
(87.20±0.54) 
1.38-1.51 
(1.44±0.04) 
1.10-1.18 
(1.16±0.07) 
1.54-1.72 
(1.69±0.09) 
1.43-1.64 
(1.62±0.08) 
2.27-2.43 
(2.31 ±0.04) 
1.31-1.43 
(1.35±0.03) 
1.61-1.82 
(1.70±0.06) 
1.34-1.54 
(1.42±0.02) 
1.41-1.54 
(1.48±0.08) 
1.09-1.18 
(1.16±0.07) 
Seteria vertidUata 
Seteria glauca 
Panicum psilopodium 
Cyperus rotundus 
Lactuca sativa 
Brassica campestris 
Brassica oleracea 
van botrytis 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
63.00-68.00 
(66.50±0.96) 
76.00-81.00 
(78.20±0.77) 
60.00-70.00 
(68.00±0.98) 
68.00-78.00 
(75.70±1.03) 
48.00-54.00 
(52.20±0.47) 
55.00-62.00 
(60.30±0.91) 
55.00-59.00 
(56.10±0.38) 
55.00-60.00 
(58.80±0.61) 
64.00-71.00 
(65.70±0.29) 
71.00-79.00 
(77.80±0.46) 
53.00-64.00 
(59.70±1.21) 
66.00-78.00 
(76.90±0.73) 
42.00^8.00 
(44.00±0.39) 
51.00-58.00 
(53.60±0.28) 
1.47-1.59 
(1.53±0.08) 
1.23-1.31 
[1.28±0.06) 
1.43-1.66 
l.58±0.09) 
1.28-1.47 
(1.38±0.03) 
1.85-2.08 
[1.94±0.03) 
1.61-1.82 
[1.68±0.06) 
1.69-1.82 
[1.88±0.08) 
1.66-1.82 
(1.80±0.06) 
1.41-1.56 
[1.53±0.07) 
1.26-1.41 
(1.29±0.09) 
1.56-1.88 
(1.82±0.03) 
1.28-1.51 
:i.50±0.05) 
2.08-2.38 
(2.31±0.03) 
1.72-1.96 
[1.89±0.05) 
Mean ± S.E. is given parentheses 
Observations-I 
considered as least preferred. The various effects on the hopper development of 
different food plants are given in the same table. 
(b) Effect of food plants on the survivability of nymphal stages: 
The survival of various stages is also dependent on the quality and 
quantity of food plants available in the breeding ground. All the available food 
plants have been tested in the laboratory and the data are given in Table - 12. 
Thirteen food plants were used and preference by insects in terms of sex, 
percentage of hoppers reaching adult stage (n), average hopper development 
period (P) and growth index (n/P) of this species are different for different 
plants. It is evident from the data that the highest percentage of hoppers 
successfiilly reaching adult stage while feeding on Seteria glauca and the 
lowest on Saccharum officinarum. 
(c) Effect of food plants on adult survival and longevity: 
The adults are resistant to various adverse effects of food and feeding in 
the natural breeding areas but when tested with six dominant food plants in the 
laboratory with respect to pre-copulation, pre-oviposition, oviposition and 
post-oviposition periods and longevity of adults of Choroedocus illmtris in 
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terms of time at 35°C, it was found that Seteria glauca was the most preferred 
plant and Saccharum officinarum was found negatively affecting the longevity 
(Table - 12 & Fig. 24). 
The longevity of adults was found to be different with Seteria glauca 
recorded as 58.5 days in males and 63.0 days in females. It was highest while 
feeding on Brassica oleracea as 82.0 days in males and 88.7 days in females. 
(d) Effect of food plants on fecundity: 
The six species of food plants dominating the area were tested to find 
out if these plants affect the fecundity in females. The data in Table - 15 show 
the average fecundity to be highest (140.72) with Sorghum vulgare and lowest 
(23.32) with Brassica oleracea var botrytis. 
(e) Food preferences in nymphs: 
The food preferences are indicative of nutritive preferential values of the 
food plants in a given area. The present experiment was designed to analyse the 
food plants tested in terms of accepted or rejected by the grasshopper or 
minimum and maximum survival potential of the same. This new approach to 
the nutritional ecology may be of applied nature for entomologists in general. 
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daily rate of development of Choroedocus illutris Walk. 
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Observations-I 
(D) MORPHOMETRICS AND GREGARIOUS BEHAVIOUR 
Morphometries are the measurements of morphological changes, during 
the life of an insect and the gregarious behaviour is the social aggregation 
among organisms. Generally there are ten species of grasshoppers, which have 
shown permanent innate characteristics of being locusts. A new concept was 
proposed by Rizvi (1985) regarding 'locusts in making' on the basis of some 
species of grasshoppers, which have been recently recorded having tendency of 
swarmlet formation. They show temporary phase of aggregational instinct and 
the pest under study belongs to this group. This means that there are certain 
ecological requirements for a solitary grasshopper to become a locust. 
Therefore, the morphometries of hoppers was carried out on the body parts to 
obtain the rate of increase in various instars. The results are tabulated in 
(Tables, 1 6 - 2 3 and Figs. 26 - 33). The adults of both sexes living under 
isolated and crowded conditions were measured, and 16 indices of body parts 
were used and almost all of the used indices showed significant changes when 
subjected to crowded condition. These are indicative of definite instinct 
towards phase formation and gregariousness (Tables, 24-35). These 
observations are of great significance in grasshopper's ecological and 
behavioural studies. 
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C-—' 
Fig. 25. Scheme of morphometrical measurements 
Observations-I 
The measurements of various body parts, mentioned below, with or 
without crowded conditions in both sexes were taken with the help of Vernier 
caliper supplied by Anti-Locust, London. Some measurements were also taken 
with a binocular and a micrometer eyepiece. All measurements are in 
centimeters, unless otherwise stated. The observations are shown in Tables - 2 
& 25, which clearly indicate that the tendency of polymorphism in grasshopper 
under study does exist. 
All measurements were made on 30 males and 30 females each of 
isolated and crowded conditions. 
1. LENGTH OF BODY (L): Distance from the anterior end of head to apex 
of subgenital plate in male and to apex of ovipositor in female. 
2. LENGTH OF ANTENNA (A): The distance from the basal segment, the 
scape up to the terminal segment. 
3. WroTH OF VERTEX BETWEEN THE EYES (V): The shortest distance 
between the compound eyes at the vertex. 
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Observations-I 
4. PERPENDICULAR DISTANCE OF VERTEX (I): The shortest perpendicular 
distance between from the mid-vertex to the tip of the head. 
5. VERTICAL DIAMETER OF EYE (O): The maximum diameter of eye. 
6. HORIZONTAL DIAMETER OF EYE (Oh): The minimum diameter of eye. 
7. MAXIMUM WIDTH OF HEAD (C): The greatest width of the head in the 
genal region. 
8. LENGTH OF PRONOTUM (P): The median pronotal carina. 
9. HEIGHT OF PRONOTUM (H): The vertical distance between the lowest 
point of the lateral pronotal lobe and the level of the highest point on the 
median pronotal carina between the second and third sulci. 
10. MAXIMUM WIDTH OF PRONOTUM (MX): The greatest distance between 
the surfaces of the lateral pronotal lobes in the metazona. 
11. MINIMUM WIDTH OF PRONOTUM (Mp): The minimum distance 
between the surfaces of the lateral pronotal lobes. 
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Observations-I 
12. LENGTH OF ELYTRON ( E ) : The branching of costal (mediastinal) and 
the sub costal (anterior radial) veins to the apex of the electron. 
13. LENGTH OF ANTERIOR FEMUR ( A F ) : The external surface of the femur, 
directed forwards, from the junction between the trochanter and the 
femur to the distal end of the latter. 
14. LENGTH OF MTODLE FEMUR ( M F ) : The anterior surface of the femur, 
from the suture between the trochanter and femur to the apex of the 
latter. 
15. LENGTH OF HIND FEMUR ( F ) : The external surface, as the maximum 
length from the base to the apex. 
16. LENGTH OF HIND TIBIA (TI): The distance between the base to the 
pretarsus. 
The first instar male hopper measures 0.61 cm (minimum) under 
isolated conditions at 27*'C and goes up to 2.69 cm (maximum) in fifth instar 
under crowded conditions at 37°C, while in case of female the first instar 
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hopper measures 0.62 cm (minimum) under isolated conditions at 27 C and 
reaches up to 3.30 cm at 37°C under crowded conditions in fifth instar before 
becoming adult. The maximum mean rate of increase of body length between 
instars in both sexes was calculated as 1.37 in males at 37"C under crowded 
conditions and 1.43 in females at 27^C under isolated conditions (Tables, 16 -
23). 
The measurements of various body parts of the hoppers of Choroedocus 
illustris were taken and the rate of increase in various instars in both sexes were 
calculated. 
These body parts were selected for measurement, as these have been 
considered important for behavioural studies by various workers in the field of 
acridology. Such body parts were measured in all stages of biology, starting 
fi-om first instar hopper up to an adult in both sexes. The mean ratio of increase 
in size during development and growth were different in several body parts 
with variable magnitude. These observations are of applied nature as to study 
the morpho-ethological variations in a polymorphic acridid species. The 
measurements are given Tables (6, 7) with all calculations and are self-
explanatory. It is to be noted that the mean rate of increase in case of males was 
highest in the length of elytron (2.92) under crowded conditions at 27°C and 
67 
Observations-I 
lowest in the width of vertex between the eyes maximum width of head (1.16) 
at 37°C under crowded conditions, while in case of females it was highest in 
the length of elytron (3.01) at 27^C under crowded condition and lowest in the 
vertical diameter of eye (1.21) at 27°C under crowded conditions. The rate of 
increase instar-wise up to the adult, in all body parts, gives an overall picture 
of changes in this species which is basically a solitary, non - gregarious but 
showing occasional aggressive and swarm forming behaviour. These 
measurements are important with respect to possible polymorphic behaviour of 
this grasshopper. 
(a) Isolation: 
Most of the grasshoppers are solitary in nature but the grasshopper under 
study was found in semi-solitary condition and the measurements of the body 
parts (Tables, 17 & 18) support the fact that they have a definite tendency 
towards gregariousness as supported by 16 indices taken as parameters. 
The measurements of body parts of Choroedocus illustris taking into 
account about 16 body parts and all five instars till they become adult along 
with rate of increase fi-om instar to instar up to an adult stage, have given a 
complete morphometrical index of the biology of the pest (Tables, 16 - 23). 
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Table : 26. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at 27±l"C fed on Zea mays. 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
(30 replicates) 
•© 
s 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Males 
Difference 
-0.183 
0.004 
-0.012 
-0.011 
-0.006 
0.003 
0.011 
-0.003 
-0.029 
0.000 
0.009 
-0.072 
0.064 
0.008 
0.007 
0.071 
Crowded • 
t 
-3.807 
0.862 
-1.884 
-1.567 
-0.664 
0.328 
3.612 
-0.638 
^ .190 
0.000 
0.452 
-5.239 
1.973 
0.994 
2.428 
5.491 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0007 
0.3956 
0.0695 
0.1279 
0.5115 
0.745 
0.0011 
0.5284 
0.0002 
1.000 
0.654 
0.000 
0.0580 
0.3281 
0.0261 
0.000 
Table : 27. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocm illmtris 
at 27±l"C fed on Zea mays. 
(30 replicates) 
Females 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
en 
s 
t/3 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.213 
-0.015 
0.001 
-0.035 
-0.054 
-0.058 
-0.023 
0.024 
-0.034 
-0.042 
-0.079 
-0.080 
-0.162 
-0.025 
-0.025 
-0.002 
Crowded 
t 
-3.897 
-3.525 
0.1647 
-7.098 
-6.006 
-6.855 
-5.229 
5.015 
-3.630 
-4.247 
-2.834 
-3.322 
-5.421 
-6.382 
-12.042 
-0.276 
-Isolated 
d.f 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0005 
0.0014 
0.8703 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0011 
0.0002 
0.0083 
0.0024 
0.0000 
0.0000 
0.0000 
0.784 
Table: 28. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at 37±1*C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
s 
C/2 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.153 
0.001 
-0.007 
0.005 
0.024 
-0.005 
-0.014 
0.001 
0.014 
0.023 
0.029 
0.050 
0.082 
-0.022 
0.000 
-0.035 
Crowded 
t 
4.911 
0.288 
-1.007 
0.672 
3.579 
-1.044 
-6.283 
0.192 
2.626 
2.410 
1.568 
3.927 
2.812 
-6.665 
0.000 
-1.917 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0000 
0.7752 
0.3222 
0.5068 
0.0012 
0.3050 
0.0000 
0.8493 
0.0136 
0.0225 
0.1275 
0.0005 
0.0087 
0.0000 
1.0000 
0.0651 
Table : 29. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at 37±1**C fed on Zea mays, 
(30 replicates) 
Females 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
"o 
s 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.103 
-0.006 
-0.039 
-0.013 
-0.004 
0.001 
0.045 
-0.020 
-0.005 
-0.015 
-0.043 
-0.061 
-0.060 
0.001 
0.003 
-0.031 
Crowded • 
t 
-0.931 
-0.802 
-2.775 
-1.218 
-0.292 
0.068 
10.019 
-5.841 
-0.547 
-1.388 
-2.322 
-2.736 
-1.703 
0.178 
1.607 
-1.512 
-Isolated 
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Observations-I 
(b) Crowding: 
The crowding has been recorded with a gregarious tendency, but the 
crowded conditions when created, morphometrical changes in the body parts of 
males and females as compared to isolated one were found significant (Tables, 
24 & 25). 
(c) Colour changes: 
Visible colours of Choroedocus illustris and Acrida exaltata are due to 
the pigments in the integument, which are mostly metallic or lustrous in 
appearance and many combinations of colours and their patterns are seen in 
these pests. Newly moulted hoppers and adults are whitish until pigments are 
formed though the range of colours in acridoids in general is less extensive. 
The colours are the shades of brown, grey and green, greenish, pinkish brown, 
red and reddish yellow or their combinations on various parts of the body. In 
these two pests the adult colourations are of interest as they show the change in 
the sexual status or an initial or primitive instinct of social aggregation which is 
expected in any case of over populous acridoids. It was found that the normal 
green shades are dominated by brown shades, either due to sexual maturation 
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or the beginning of social aggregation. The third colour combination is the 
mixture of brown and green shades with reddish and pinkish appearances. 
These three colours are so different in one species that one confuses it to be a 
separate species. These changing colour patterns have an ethological bearing 
on the insect biology, which was hitherto unknown. The present observations 
are new in the sense that colour ecology is a behavioural index at all stages of 
biology of the pest. This account is for Acrida exaltata, which prefers dry 
biome but in case of Chorodocus illiistris, the colour combinations are of great 
importance and for the first time the colour changes in isolated as well as in 
crowded populations were found at variance. Even at sexual level the males 
exhibit a consistency in colour pattern but the females show four different 
colours starting from green and brownish and reddish shade with two 
intermediate darker combinations of the same shade and finally turning into 
dark brown with white stripe and reddish legs. These colours are prominently 
visible in the colour photos. 
In one of the experiments the effect of the solar radiations on the 
colouration of the aduhs of Chorodocus illustris and Acrida exaltata was 
studied. A significant change in the colour pattern was found to cause colour 
polymorphism. The present observations may be attributed significantly to the 
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behavioural pattern in a known species of solitary grasshoppers having 
tendency of gregarization or rather locusts like instinctive behaviour. 
(d) Swarming: 
The two species under study have shown occasional gregarization and 
clumpy distribution with temporary gregariousness (Rizvi, 1988 p.c), which 
may be taken as a serious activity with some less well-defined manifestations 
of gregarious behaviour. The present observations are occasional records and 
need elaborate field observations followed by laboratory experiments. But to 
assess the situation with special reference to these pests it is carefully noted 
that during outbreaks in the field and during large scale rearing, these two 
species have shown temporary swarming at various levels. The seriousness to 
this effect was taken up due to the changes in the aggregation behaviour, colour 
patterns in the adult and hopper activities in the field and conspicuous rearing 
behaviour in the laboratory. The differences in the size and activities are 
suggestive for gregarious species in making. 
(e) Band formation: 
In these two species, the gregarious females have a habit of laying eggs, 
not only in ecologically restricted spots, but also in dense group. It results in 
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hoppers hatching from several parts finding themselves in close proximity to 
one another. These primary groupings are actually the beginning of band 
formation. Only on one occasion in both cases small band formation like 
locusts was recorded by Rizvi (1988 p.c.) and reported to the author but could 
not be ascertained later on because of unavoidable circumstances. 
(f) Instinctive behaviour: 
This is an important observation and suggestive in the sense that there 
are certain grasshoppers which can be treated as 'locust in making' (Rizvi, 
1985). Similarly in these two acridoid pests, an instinct of gregarization in 
hoppers and gregarious egg - laying in adult females is obvious. Crowding 
affects the life of individuals, especially the changing flight behaviour, and on 
the basis of vigilant observations evidences may become available to accept 
that Chorodocus illustris and Acrida exaltata are behaviourally instinctive 
towards occasional polymorphism. This is yet to be confirmed. 
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PART-II: ETHOLOGICAL STUDIES On Acrida exaltata 
WALKER 
(A) BIOLOGY 
(I) LIFE - CYCLE IN THE LABORATORY: 
(a) Adult: 
The adult of Acrida exaltata (Fig., 9) is medium to long with slender 
body. Antennae relatively short with basal joints compressed, head strongly 
elongated, face strongly oblique, moderately concave in profile, more so in 
female, pronotum with single median transverse furrow; lateral keels straight 
and slightly convergent anteriorly, slightly curved and divergent posteriorly. 
Tegmina and hind wings well developed; tegmina extend a little beyond hind 
knee, hind wings slightly shorter than tegmina. Hind femora long and slender 
with strong keels. 
General colouration uniformly green or varying shades of brown. Hind 
wings light yellowish green, brownish over greater part of distal area. 
Darkening of the hind wing most pronounced in mature males. 
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(b) Copulation: 
The act of copulation is usually preceded by an elaborate courtship and 
some observations in this act of behaviour have been an addition to the 
knowledge, such as an intermittent movement of antennae and touching of last 
abdominal segments by the hind legs. The duration of copulation is long and 
the copulating pairs are not mobile and stationary in postures and this fact is 
important in control by using sprays. The time of copulation, duration and a 
typical acridian act of copulation are not different as to make a record except 
that the copulation lasts about 97 - 268 minutes (Table - 1). 
(c) Oviposition: 
Oviposition is associated with female movements before actual egg-
laying in connection searching, locating or testing for suitable conditions. The 
mechanism involved in oviposition is on a typical acridian pattern followed by 
digging, making false holes and finally the egg-laying process is done. The 
maximum time of oviposition is 256 minutes and the minimum 135 minutes 
with an average of 188.70± 10.50 minutes (Table - 1). 
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The structure of the egg-pod could be indicative of dependence on the 
oviposition habitat of the species particularly the soil structure. In this species it 
was found that the egg-pods in relation to soil surface and changes in the depth 
was in accordance to soil nature. The present findings are based on the number 
of egg- pods laid in three different soils and their comparative account is given 
in Table - 2. This observation may be of some use fi-om soil preference point of 
view and may help in finding the egg-laying sites of the species. 
Other methods of oviposition: 
This species also behaves like epidephic and epiphytic ovipositor and 
the change of oviposition behaviour may be attributed to super maturation of 
gonads and failure in finding suitable egg-laying sites. On few occasions it was 
found that this species oviposits in the broken stems of the plants with pithy 
centers as in case of Chrysocraon dispar, but the hatching was very fi-equently 
observed that if the female is unable to find the egg - laying tubes, it lays eggs 
on the wood surface and wire mesh but they were found dried after short time. 
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(d) Egg - pod and eggs: 
The size of egg-pod is mainly determined by the number of egg-
layings per female. Table - 3 shows the actual length of egg-pod minus the 
length of froth. The average length of egg pod in Choroedocus illustris is 
3.796±0.114, while it was 2.285±0.370 in case of Acrida exaltata. 
Since majority of acridoids of temperate climate spend most of the life-
cycle in the egg stage, therefore, it is also true with this species which passes 
hot climate with a long dry spell as an egg stage. During this dormant period 
the eggs can withstand adverse condition of the environment. This suggests that 
an immediate attention be paid to the structure, properties and biological 
function of different types of egg-pods in relation to environment. 
(e) Incubation and hatching: 
The incubation period of Acrida exaltata was studied at different 
temperatures (Table - 36) with reference to hatching period of eggs. The most 
preferred and productive temperature was found to be 35±rc . The incubation 
and hatching was severely affected at 10±1°C and 45±1°C (Table - 36). The 
relative humidity was not taken as the factor because it could not be maintained 
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and remain interrupted due to unavoidable circumstances. The effects of 
isolated and crowded conditions was studied in order to ascertain any effect of 
crowding on the number of egg-pods, number of viable egg-pods, fertility, and 
mortality. It shows that the crowding does affect the number, viability and the 
developmental frequencies of the eggs. This behaviour is closely related to the 
established locust species. 
Observations on the number of eggs hatched, percentage of hatching, 
total incubation period, per day development in relation to five different 
temperature exposures ranging from 10±1°C to 45±1°C, was made. The lowest 
percentage of eggs hatched (65.09%) was at 25±1°C and the average highest 
percentage of hatching went up to 70.41% at 35±1°C. In both cases the relative 
humidity was 70±5 %. Likewise the longest incubation period was (40.70 days) 
at 25±1°C and the shortest was (22.17 days) at 35±rC. The development of 
eggs per day thus calculated was the slowest (2.45%)) at 25±1°C and the fastest 
(4.51%) at 35±I°C. There was no hatching at I0±I°C and 45±rC (Table - 36). 
Miscellaneous observations: 
The egg mortality due to high temperature beyond 45±1°C and below 
18°C has been recorded in the laboratory. The resistance offered by the eggs of 
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this species was about 10 hours at -5°C leading to mortality as 20-25% and the 
eggs at 45°C up to 20 minutes could resist with 15-20% mortality. This 
environmental resistance power in the incubating eggs could be attributed to 
the hibernating behaviour at low temperatures and aestivation at high 
temperatures. The excess of watering to the egg-pods results in severe 
mortality to the developing eggs. 
(f) Development of hoppers: 
In this case also the word hopper or nymphal instar is being used to 
avoid confusing terminology for immature stages of the grasshopper under 
study before becoming an adult. 
The development of hoppers consists of growth associated with periodic 
moults. The first instar hopper, immediately after the intermediate moult, is 
called a 'hatchling' . Its colour is yellowish - creamy or pale green and 
gradually becomes darker after few minutes. 
The first instar hopper measures 0.91 cm (minimum) under isolated 
condition at 27 C and goes up to 3.19 cm (maximum) under crowded condition 
at 37 C in fifth instar in male, while in case of female the first instar hopper 
78 
1 I 
I 
V3 
At 
-«« 
») C 
• • « 
(» 
s 
_o 
St 
> 
B 
9i 
U 
u 
o 
2 
« « ^ 
o I f I 
o « 
S N 
^ a 
S^  ® 
s s 
u o 
CA " -
W "O 
« S 
S 2 
• 
cs 
H 
u 
a 
o 
I . I 
2 
< 
> 
i 
s 
s 
1 
S|oqiuXs 
X 
a 
O 
cs 
z 
rN — — 
— — (N — *n ^ —. m 
vo — — 
o — — — 
— - ^ <N 
r*^ ^ -
(N — — r ^ — 
•ij- — — 
O 
•O ^ ^ 
0^ 
O 
o 
— 
ON 
ON 
O 
r*i —" — 
— O "-
• _ • * , . - , • * . . ^ . _ . .— . _ • * - r - i v o „ : o o - r ^ - j - « i - < - ^ < N f - ; — r - ; o ^ OO ( N fs •": o i o ' ^ O ' * . 0 * ^ 0 ^ 0 " ^ C3 —' - H 
<N •". o "^ o '^ o *^ o" "^ o" *^ o " o ^ o "^ d • .^ —• "^ —" 'N d ^. ci ^. <:> '^. <zi ^. 
— — o o o o o o o — — o o o o 
— m rsl f\* m d m f * l ( N ( ^ ^ 0^ O ^ r*^ f*^  v^ 
" O r ^ i o O O O N O " " ; O f ^ O r S O — O — O ^ O ' ^ O C N - ^ — — ' O s O m O O O f S O O N O ^ O ^ o f ^ O ' ^ o r s o — o X o r s i O f ^ o r i o ^ O t N O f S O — o v - ) 0 
"^ d "•. o -". d ~. . o o o 
- - . O <^ f~ _ . _ 
O v o ' N r s l ' ^ t f ^ ^ O O v - * < N v l — O O O O ^ O 
0 ( N ^ O I ^ < _ - _ _ _ _ _ 
m o — o — o — o m o ^ - ' O 
fs'^. d"^ . d ^ . d "^ , d*^. d " t d P d ' ~ ! d ' ^ d ' ^ . d ^ o ^ o 
p. p. o o o o o o p. p. p p. 
>o ^ r^  o 00 f*^  oo 
- . d ^ ^ "^ =^  "^ 
^ o o o 
0 0 
• ^ 
3 
( N 
^ 
<n 
O N 
NO 
<N 
O 
? 
r-
»n 
**! C 
oo 
o 
o 
V-) 
_• 
^ 
o d 
o 
v^ 
o 
o 
m 
— 
•^  
o 
o 
? ? ? (-
— o 
is" 
o 
o 
0 0 
o d 
( N 
• > » 
"^ o 
f n 
o 
o 
• ^ 
-^2 
o d 
( N 
—* 
• * 
o 
o 
2 
—' d 
f<^ 
o 
o 
• r i 
d 
1 
m 
d 
•< i -
<N 
O 
O 
f*^ 
rNi 
o 
o 
r~ 
o 
( N 
O 
o 
m 
o o 
— o 
? ? ? ? ? ? ? 
m 
•>»• 
-^  o 
S' 
o 
o 
d 
—" 
«n CNI 
"* d 
CNI 
o 
o 
«~i 
o d 
NO 
o 
0 0 
t o 
o 
d 
r<i 
O 
O 
r- ON 
o r~ 
d => 
o . 
»/^  
r- o 
o o 
? ? ? ? ? ? ? 5 ? 5 ? ? ? ? ? f 
1 ^ 
oo d 
.J 
•o 
•ta 
o 
JB 
S 
44 
oo 
<> d 
oo 
o d 
O 
1 
1 
g 
9 
E 
s 
s 
f S 
ON 
o 
d 
d 
1 1 
1 
i 
1 1 
s 
o 
o 
^^  o 
ON 
o d 
1 
1 
1 
g i E 
3 
s 
r o 
O 
d 
EL. 
1 
w S 
•s 
^ 
:2 
w^ 
o 
"^ d 
S 
1 
"s 2 
•t £ 
ON 
ON 
o 
d 
d 
> 
1 
> "5 
JS 
i ^
 
r~ TT 
o 
d d P 2 . 
"S O 
1 
1 
u 
••3 
u 
£S 
ON 
w-i 
O 
o 
?? m 
d 
( N 
i 
d 
1 
1 
« M 
s 
a 
^ 
:3 
m 
^ 
—' d 
( N 
O 
o 
0 0 
-^1 
d 
r*l 
o 
o 
•o 
•o 
? ? ? 
f N 
NO 
^ o 
?r 
o 
o 
? ? ? 
—. d 
d 
1 
1 i 
«M 
e 
S 
^ 
J2 
<N 
- • 
3 
• » 
d 
t -
T t 
t 
•^ d 
ta. 
1 
1 
t M 
O 
5 
^ 
JS 
( N 
OO 
• * 
d . 
^^  
o 
o f 
^ d 
^ 9 
d 
»n 
• ^ 
o 1 
3! w^  
d 
»n 
o 
1? 
d 
H 
1 
i 
(» e 
5 
^ 
J2 
o 
•o 
• » 
d^ 
; 
1 
1 
u 
1 
(^  e 
5 
^ 
:2 
0 0 
^^  
^ 
o 
o 
? 5 
r-1 
d 
r^  
•— 
<N 
>n 
-" o 
r j 
o 
o 
0 0 
o 
d 
o d 
oo 
o 
? ? ? 
d 
0 
1 
^ ™" 
2 
1 > 
o ( N 
— d 
T J 
o d 
o 
4« 
O 
s 
13 
B § 
*u 
s 
( N 
o 
o m 
r^ 
O 
O 
? ? ? 
NO 
NO 
o 
d 
r<i 
O 
O 
d 
41 
(^  NO 
o 
d 
d 
t ^ 
<N 
d 
< 
1 
«M 
s 
S 
^ 
:3 
m ON 
r j 
d 
£ • 
o 
o 
? 
f*^ 
f<l 
( N 
d 
CO 
(/J 
f 
•B 
C 
L M 
3 
• 4 — ' 
.s 
c 
> 
.52 
1 I 
1 
I 
I 
I 
I 
o 
II 
5 
> 
p 
s 
•S -5 
u 
O 
I. 
I 
« « ^ 
>^ 
o « 
S N 
«> ® 
» s 
h. O 
« "O 
« B 
s s 
00 
• • 
35 
H 
S|oqiiiX§ 
t: 
a 
o 
s 
oo « ^ 
m ^^ 
r- — 
— rs 
f^ — (^ -^ oo — ^-
> r l O ^ ' n o o o v ^ o ^ - - o o o o o o o m O f * ^ o o ^ o t ^ ^ ^ ^ ^ ^ f ^ ^ ^ m o ^ o O f * ^ f S O N O f ^ O f ^ i o ^ o r - O T t o - — ' O r s o r ^ O C T v O O o o o o — o r ' i o ^ - O T r o 
O O s ( N T t ( N r - ( S O N W ^ r « ^ ( N T r ^ - - - - - - - - - - - . — -
fi-l O O O O O o o o o — — o o o o 
o o . — i ^ ^ o o o o > o r ^ O ' O o m o t n o ^ - O T t o o o o N O o o o » r j o ^ ^ O ( N o 
» 0 ( N o o r ^ m ^ * r i r - — o o * N o o o o o < N v ^ r ^ v o o ^ f n r « ^ ' - ' o o ( S o o o o C T \ 0 ' ^ C T \ 
r n * ^ © ^ . d ' ^ d ' ^ d ' ^ d ' ^ . d " " . d ' : d * ^ d ' ^ - ^ ' ^ - ^ ' ^ d ' ^ d ' ^ d " : d ' ^ 
m o o o o o o o o o - ^ — o o o o 
o o ( N O O r n o > n o o \ o o N O O O ' ^ o > o o * n o ( ^ o ^ — o o ^ o o o r - o 
^ 0 f S 0 < N 0 * N 0 < ^ 0 — O — O — • O r s l O r ' i O ^ N O O O r J O r N O — O ^ O 
. o v > o o o o o o o m f N r - ' O r - o o \ o — — — o \ 0 0 ' 0 ' 0 * ^ » n s O T t ' 0 0 o o o o N ( N m 
• ^ o " • o " • I 
-r <= P o -^ . I — "T d ''^ d "^ ' 
^ o o T T O T f o o o o i r ^ o o o o o o r ^ o r ^ o o o o 
— O — O — 0 " 0 — O O O — O - H O — O ^ O O 
in 1— o o T o 
oo O * * 0 ^ 0 0 * 0 0 
^ 0 0 ^ T J • O ( ^ ^ < N — »0 — m O N % 0 f n 0 0 ( N ^ > O « / ^ v O 0 s r - O s f S 
' O t n ^ - v ^ ^ - f ^ ^ - f ^ ^ ^ r - — f * - i O r - O i : ? \ - ^ » o — v^>/^ (S«^o 
— ^ d r d ^ d ^ d ^ d r d P d P d — . d ' ^ . d ' P d ' ^ 
r t oo >o <> >n r^ 
-* r r O 'O (N O^ 
O O ^ O O O N O O N O — — — . o o o v i o i n ^ - — ^ - r s - ^ r ^ - ^ t ^ - - " • - - • 
o o o o o o o o o o o o 
D. 
> -
bfa 
< 
' 5 
E 5 
I i I i s I I i I I I I I i •o 
E 
« I I I i ^ e 
f i l l SI Dll 
f i l l i i l 
^ i "s -s -o -o -s i if! ! ! I ! 
ill 
J3 
> 
'5b 
c/5 
-H 
2 
•f 
> 
o 
S ! 
(A 8 O 
e 
o 
•a 
o 
ha 
9i 
n a s 
I 
I 
I 
Qi 
u 
u 
o 
< M 
o 
V 
-** 
> 
^ 
HH 
t-M 
55 
> NN 
^ 
a> 
u 
u 
^a 
•o 
e 
Vi 
h. 
a 
O o 
S es 
g 5 
S « 
^ s 
CA 5 
C5 ® 
5 .«* 
0\ 
• • 
IS 
H 
R 
• • -
a 
II 
s > 
•o 
-< 
sfoqaiiCs 
en 
t: 
a 
• a 
o 
o 
s 
Z 
— — (N 
o 
<N 
oo 
o 
oo 
o 
o 
oo 
r*^ 
- • 
0 0 
o CM 
*ri 
r-
^ 
vO 
r-ON 
00 ^^ 
— — • ( ^ 
so o *o 
QS ON VO 
— — W^ 
— - ^ (N 
r - 00 (N ( S Ov — 
r n ^ - (N 
— 00 
<N — — 
— <rn 
» C > / ^ > ' ^ O 0 N O f * ^ O ( N ' — ' • O O ^ O O O O t N ' - ^ O O — ( N f * ^ > O f * ^ < N ^ - ( N O ^ O ' — " f S 
• ^ 0 < S O ( N O r n O ' O O m O ' — O ^ ^ O ' O O ' O O O O O O O O O n ^ O — O f ^ O 
o r ^ O r n f n o t ^ o o « ' ^ > o ^ r ^ O T t r n o o a N « / ^ r 4 0 r ^ o r - - » r j o o T r o o ( N - - r ^ o o 
o ^ o ^ ^ ^ ^ r ^ ^ ^ ^ ^ ^ ^ r ^ ^ o o ^ ^ ^ ^ ^ ^ o • - ^ r ^ - - ^ / ^ ^ < s v ^ f ^ » ^ - ; ^ « O f S ^ o ^ ^ l ' o ^ ( ^ o ^ o o 
. - . -. - I O — (N 
I O O O O O O 
• ^ -.v V > • \ T - ^ < - - ^ I - ~ • uv ^^ w ( ^ ^^ 1^ ov 
w ^ ' « t ( S v ^ r ^ t ^ T j - < O f S T f o < N ' 0 ^ ' ^ O N o o 
» n f S ( ^ 0 ^ 0 0 0 0 0 0 0 ^ ^ ' ^ 0 « r ) 0 » n O s O O r ^ — O N — ' T t O W ^ O r - l O T f O 
( N O t N O r S O f S O - ^ O f ^ O — O — O f n O ' ^ O T j - O r ^ O « / ^ 0 < N O — O t ^ O 
» n T f O o * ^ r s r t T t f * - ^ o s i ^ o t ^ ^ r - - r s i o o o o o v o o \ 0 " ^ f N s o r s r * - ^ 0 ' * f O o 
f N i ^ - d ' ^ d * ^ . d ^ . d * ^ . d * ^ d ' ^ d " ^ d ' ^ d ' ^ . - - " ' ^ - - ^ ' ^ d ' ' ^ d ' ^ d ' ~ ^ 
r n o o o o o o o o o — — o o o d 
o o ( N f * ^ ^ ^ f S f S f S » / ^ f * ^ r ^ T r f S ' ^ m o 
t j O f N r - O O O O O v O f n O r ' O O N O t N O T l - O s O O " * ^ — O O - H Q N O O O ^ O V ^ — 
m o — O ^ - O — o m O — O O O ^ - O r ^ O r ^ O o o o o o O — O r > 4 0 — O T f - o 
O m ' ^ " ' ^ " ' ^ ^ - ^ n o ^ ^ ^ ^ * o ^ * - ^ r - T t • o o o o o ( N * ^ o ^ o o > n r ^ ^ ' O o * 0 ' O o o m > o — 
( N o — O — O — d 
f S O O O 
r ^ o o r - p — 00 — o o o o N f n — 
' — <r^  — r - i P i ' ^ 
o — • o O T j - o » o o o o ^ o r ^ o o o t - - o o o v - i — < n o 
V-iP'—>0 — O — O ^ - O — O O O ^ - O — 0 ( S O v - ) 0 ^ 0 
- " t o o o s o o - ^ o d s t ^ ^ o r s f S i o — r - > o - ^ — >o — - ^ " o o o s o ( * i ( N p r s — f s p t N ' - ^ « n — < ^ p * o p o o — <n — r - T t ; o » / ^ — 
<N (N 
-: -^  d ^ i r - i " ^ i H ^ d " ^ d " ^ d P P d —. d -r . 
•n O *0 ON oo ^O 
— ^ o NO fN r s 
d ^ d P d n 
^ o ^ ^ o ^ - o ^ - o — p — ^ f*^  O 00 O oo O — O O O (N O 
l ^ f S 0 0 ' * O ^ f ^ 0 N N 0 0 0 0 N 0 N T l - T t r ^ < ^ T t O ' ^ < S O O ' r r O 0 0 — 0 « / ^ N O O f N | f S 00 • * - - -
oo rs o Ov o o o 
d ^ d P d 
o p. 
' ^ c r i " ~ ! d T d ' ~ ! o P . i P c i — c i — I 
I ^ r<i ^ v i 
O V  ^ ' _ 
— r s O \ 0 f S 
• p , • 
a. M 
u 
• S o l I 
s I II 5 E 
o u 
a. * Q . i -s 
I I I -
ii n u O a I 
o _ 
s s s I If! I 
J3 
00 
w 
to 
s 
o 
•a 
e 
o 
o 
u 
•a 
e 
s 
5 
3 
I 
03 
Vi 
VI 
S 
% 
CQ 
k . 
S 
en 
u 
a 
•a -H 
V 
M 
k 
w 
a 
M 
o 
v 
< 
K ^ 
P~i 
> 
NN 
N ^ 
^ 
^ 
es 
en 
J. 
s 
I 
on 
•*^ 
S 
S 
a 
3 
on 
9i 
o 
H 
I 
II 
J" 
B 
O 
s|oquiX{§ 
t 
f 
a 
00 
• * 
(S 
QO 
r«^ 
(N 
O 
o 
r-> 
vf> 
r-
•<t 
00 
• * 
• * 
r*\ 
<N 
•* 
>ri 
a\ 
r~ 
vO 
Ov 
— 
"rj 
ON 
— 
(N 
r^ 
• * 
— (N ^ 
OO ^ -
0 0 ^ ^ 
<N — — 
— (N — 
O ^ 
— (N 
O O 
r- o 
yr\ o 
— r*-i 
O O N < r ) O N ^ ^ ( N r ^ f n ( ^ o o o ^ o o o ^ — 
v ^ r - w ^ o - — ' 0 « o o — o o o o o o o m O T r ^ - * * r j ' — t o « n — f S f S ' ^ o o o o o o f ' ^ r v i 
0 ^ O m O < ^ O • « t O 0 0 O ^ O ^ - O f N O t ^ O O O ^ - O C T \ O ^ - O f * ^ O — O r J - O 
O 0 0 V ^ 0 0 ^ ^ - O v i ^ ^ - r s r ^ « — ' O ^ < N ^ O C T v O 0 0 O ' ^ w ^ ( N 0 N 0 0 r « ^ 0 0 P ^ r « ^ 0 * ^ 0 * ^ 0 * * 
o 
^ o ^ o •"! I 
^ o v O T t ^ o — o o m r ^ p - f S f O o o m o O ' ^ o o 
m ^ t N O m o m o p - O ' ^ o — o r j o s o o ' O O O N o r - o r - o r ^ o — o — o 
m o o o o o o o o o — — o o o o 
f S f < i < n f < i s o v o < ^ ( N T r « / ^ > o O ' ^ T f < N o o 
O N — • < N O O v o o o o o o a N O > o o » o o p n o » n o o O ( N ^ o o o r - 0 ( N O * ^ o 
— O t N - O t N O O ^ m t N d " ^ — • ' ^ - - ' ^ d ' ^ d ' 
o — — o ' 
I — O ('^ O 
o o 
^ ^ f ^ ^ r - T f r < i f < ^ c ^ 0 0 > O O * O ' « 0 f ^ ( N 0 N 
* C f ^ O O ^ * ^ O f ^ O O ^ O O O ^ - 0 ^ 0 0 ^ 0 ^ ^ 0 0 0 — 0 0 r 4 f * ^ O ^ O O O r n O 
7 ? 7 ^ 5 ? ? ? ? ? ? ? 
o « r*.. 1/^ l^^ i j ^ ^M c~i «-<-i art ly^ T ^ ^vi 
I Tt i T i i T i I - n t - n 
. < O l O V O ^ - 0 ( ^ O O V ^ T r ( N 
r ^ O ^ ^ ' — 0 ( N < N O O ^ ' 3 • 0 0 
' N o p c J ' ^ d ' ^ d P d ' * ' : 
— — o o o o 
( N < ^ r ^ f n m m T f O \ o o 
— r - o > ^ o » n o a v o » £ i o o N O o o o o o o o o o o w - ) 0 Tj- f O <N (> . o o ^ r - o w - ^ o t n o 
T f - ^ ^ ^ ^ ^ ^ ^ f 2 5 9 ? 2 ? ? ? 2 ? 2 ? 2 5 . ? ? 5 5 ? ? 
r - O N ' — < o — ' • ^ — ' ^ — • r ^ ' — ' 
i " ^ ( r ? i " ^ ( - i " ^ r T > ~ " ( T i " " ( r - i ^ ( • ^ t o o o o o o ^ - ' - o ^ ^ r ^ v ^ — <rir4 - ! o ^ . o ^ < — so o r- (N — 
o - ^ — ' O — ' O T f O T f O f N o r - o o o o ' ^ O ' ^ o v o ^ r - — 
(N (N v^ —• —' OO 
- ^ m O ^ ( S (N 
o —. d P o "^  
o o o 
O. M 
s s 
^ 
2, 
"S 
s 1 
«^  
o 
1 ^ 
1 B 1 
a. 
1 
•5 
1 
i i 
w 
o 
1 s i E 1 
§ 
1 
s 
^ 
"s 
€ 
! 
e 1 1 1 
•s 
£ 1 
J I I 
§ fe * 
-^ C > U «M ( ^ I i! 
S 2 2 -t 
« 5 5 5 2 
w © 
£ 5 
=3 « 
I ! o B 
a 
u 
>; 
.22 
W 
-H 
a 
o 
i 
I 
1 
I 
1 
I 
I 
en 
u 
o 
a 
u 
u 
e 
K) 
• * * 
U 
a 
o f^ 
S « 
e 
It 
> 
5 
i 
sfoquiXg; 
9i 
H 
I 
1 
& 
o 
-• 
<N 
O 
0 0 
OS 
p 
(N (N 
O 
0 0 
v^ 
<N 
O 
"^  
>o 
• * 
r n 
OS 
<N 
V~t 
t s 
1 
Ov 
( N 
( N 
^ 
1 
V l 
VC 
I N 
t ^ 
•« * • 
f S 
( N 
SO 
<o 
5 
•>t 
oo OS 
f N 
> 0 
P 
1 
<N 
r n 
t -
<N 
p 
1 r-
^ r n 
oo 
^ o 
OS 
•St 
t ^ 
P 
</^  
1 ^ 
OS 
O 
1 ^ 
OS 
I ^ 
OS 
r n 
«o I N 
t CM 
O 
r*^ 
( N 
1 
o 
o I N 
so 
o p 
1 p ^ 
I N 
o 
•a-
o 
o 
OS 
OS 
so 
so p 
»o 
r^ 
I N 
O 
I N 
oo 
OS 
I N 
so 
I ^ 
I N 
O 
m 
<~ 
o 
o 
I N 
I N 
O 
m 
o 
>r) 
I N 
oo 
so 
O 
OO 
I N 
U-, 
I ^ 
I N 
m 
r o 
so 
O 
O 
• » 
CT\ 
r^ 
f 
I N 
>r i 
O 
I N 
O 
OS 
p 
0 0 
0 0 
o 
f*-l 
t ^ 
i n 
I N 
SO 
OS 
o 
ro r- r^  -St >o r^  
I N 
o 
so I N 
*n I N 
CZJ 
•a-
o 
o 
• * I N — 
I N 
O 
f S 
o 
o 
I S 
O 
m IN 
• * 
I N 
O 
SO 
o 
o 
I N 
o 
OS 
I N 
t I N 
O 
m I N 
OS 
I N 
O 
»n 
o p 
1 so 
I N 
O 
• * 
o 
o 
• ^ 
o 
oo 
>» 
IN 
WJ 
o 
oo 
o 
o 
• * 
o 
o 
• * 
^ 7 ? ? 5 ? ? ? 
r--
oo 
oo 
( N 
^ 
<N 
O 
r^  
o 
oo 
— • 
f N 
oo 
-^o 
• * 
o 
o 
( ^ >r) T t 
so 
r * i 
O 
o 
w^ 
so 
— o 
vo 
o 
o 
r^  
o 
OS 
— i 
o 
-^  
«/^  OS 
"^  o 
r«^ 
O 
o 
r~ 
-^o 
I N 
O 
o 
OS 
O 
OS 
— i 
o 
*n 
? ? ? ? ? ? 
OS 
m 
•"J; 
o 
0\ 
o 
o 
I N 
t -
f*^ 
o 
o 
o 
<N 
O 
( N 
—• 
•» r*-i 
O 
O 
o 
<N 
o 
( N 
^^  ? ^ ? ^ ? ? ? 
r-
oo 
o 
J 
• a 1 
s 
f 
a 
OS 
m 
OS 
O 
0 0 
o 
o 
1 
1 
i s g 
1 
oo OS 
o 
o ° 
1 
a. 
1 
1 1 1 i 
w^ 
o 
o ° 
1 
1 
a 
•s 1 
1 
s 
a 1 
0 0 
o I N 
o 
r^ 
O 
o 
0 0 
t -
—" o 
O 
p 
S 
m 
O 
p 
9 
o 
o 
•<»• 
r-1 
O 
(^  2 
o 
r^  
m 
• * 
o 
v- j 
o 
o 
o 
o 
s o 
r*^ 
o 
OS 
O 
o 
o 
r*^ 
m 
d 
o O 
m I N 
O^ 
SO 
oo 
r-^  
I N 
V~i 
r< l 
I N 
I N 
r^  I N 
O 
• * 
2 
CN 
d 
m 
d 
I N 
O 
v-1 
I N 
O 
1 
OS 
O 
OS 
—H 
d 1 
d 
m 
o 
1 
m 
d 
o 
? 
so 
IN 
d 
so 
o p 
S 
I N 
I N 
d 
m 
o 
o 
? 
m 
t -
^ d 
I N 
O 
o 
^ ? ? $ 
T 
o 
I N 
^^ i 
o 
0. 
1 
•5 
A 
4 ^ 
^ 
^ 
oo \n 
d 
O 
o 
? 
•n 
o 
r ^ 
d 
f*^ 
—^ 
^ 
° 
X 
1 
•s 
*-f l 
t a 
o f*^ 
d 
O 
o 
S 
d 
T f 
1 ^ 
f ^ 
t ^ 
OS 
OS 
^ 
V^ 
OS 
I N 
m 
m 
r*^  
0 0 
TT i 
d 
' J -
d 
d 
I ' 
d 
d 
o 
d 
o d 
oo 
o 
2 
o d 
oo 
o 
? 
*n 
o d 
> 
> 
Q 
Xi 
5 
^ 
T 
o 
o 
OS 
( N 
TJ-
oc 
p 
o 
v^ 
0 0 
r-
r«-i 
oo 
»n 
OO 
— 1 
•* 
o 
o 
0 0 r ^ T f 
( N 
" • 
d 
f n 
o 
o 
d 
»o 
— 
— I N 
m 
-^d 
T f 
O 
o d 
-H 
^ 
— d 
I N 
O 
o d 
-H 
0 0 
0 0 
o 
d 
I N 
O 
o 
d 
TT 
«n 
"^ d 
I S 
o 
o 
o 
r-
r< l 
m 
( N 
r-; 
f S 
o (N 
OS 
W^ 
( N 
^, 
<n 
tri 
en 
<N 
SO 
2 
• * 
d 
>o 
m n 
•9 
d 
m 
o 
o 
I N 
d 
OS 
I N 
IN 
O 
so 
V l 
r n 
so 
v^ 
• * 
r o 
r n 
I N 
so f N 
SO 
O 
T f 
m 
T t 
r * l 
O 
t -
i~-
o 
m «/^  »n 
• * 
»n 
d 
«n 
o 
o 
m 
d 
>n 
o 
o 
Vt 
d 
0 0 
• » • 
t r*^ 
d 
so 
r^ 
so 
° 
oT 
o p 
• ^ 
d 
i;^ 
o p 
? ? ? § ? ? 
d 
I N 
d 
d 
—< 
OS 
I N 
d 
I N 
O 
o 
I N 
-^d 
o 
o 
• * 
I N 
d 
•* I N 
2 
I N 
d 
r~-
I N 
SO 
I N 
d 
t 
o 
o 
r n 
d 
0 0 
r^ 
I N 
r ^ 
r o 
d 
m 
o 
o 
s o -St m 
I N 
I N 
d 
O 
O 
?•?"??? 
so 
so O 
d 
o q 
5 
t n 
o 
d 
r~ 
o d 
o 
"f 
° 
s 
1 
1 :| 
e 
& 
£ 
<n OS 
P 
S 
o 
P 
s. 
W 
« 
t 
^ 
d 
f ^ 
— 2 
d 
i 
1 
•s 
A 
'«» ^ 
2 
o 
so 
d 
O 
o 
s 0 0 
d 
<N 
o 
( S 
2 
d 
so 
^^  ? 
I N 
d 
1 
1 
1 
•s 
•a 
^^  ^ 
^ 
so 
I N 
d 
O 
o 
?• 
t -
0 0 
d 
o 
o 
«o 
f*^ 
m 
p -
(N 
m 
*o 
oo 
^ 
so T t 
>r i 
O 
»o 
OS 
f s | 
o 
3 
r-
^ 
r-
•^  
4 
m 
^ 
TJ-
f N 
T 
^ 
w-> 
oo 
d 
p -
d 
0 0 
*ri 
2 
v^ 
d 
r^  
• * 
? ? 
OS 
m 
d 
I N 
f 
d 
1 
1 
"S 
i f i 
«•« 
g-
^ 
r*^ 
f n 
O 
5f 
I N SO 
0 0 
I N 
O 
o 
• » 
t 
o 
^ 
<N 
oo 
'—[ 
^ 
o 
^ 
o oo 
d 
Os 
o 
o 
m 
o 
r n 
r-
I N 
^ 
T t 
o I N 
I N 
f^ 
OS 
r~ I N 
• * 
0 0 
rn 
t-
oo 
5 
<r i 
_^  
0 ^ 
rn 
3 
f S 
^ 
OS 
f—' 
3 
o 
^ 
oo 
oo 
2 
0 0 
d 
o 
r-
so 
f^ 
o 
I N 
•q -
r-^  
o 1 
r n 
t~ 
o 
s OS 
oo 
p 
o 
o 
m T t 
V~i 
I N 
O 
SO 
f*t 
0 0 
T t 
I N 
T t 
1 
I 
I N 
l ~ 
7 
TT 
I S 
T t 
V ^ 
T t 
M 
O 
0 0 
m 
>n 
( N 
r-
o 
o 
T t 
d 
OS 
I N 
d 
<N 
d 
( N 
r^ 
o 
»n 
d 
s 
o 
d 
v^ 
r-I N 
d 
T t 
o 
o 
>o 
oo 
OS 
0 0 
OS 
»n 
p 
o 
T t 
m 
so 
IT, 
r^  
rn 
I N 
m 
: 
I N 
d 
"r^  f S 
d 
<N 
d 
TT 
( N 
9 
( N 
d 
o 
r>» 
T t r ^ m 1 ^ 
I N 
oo 
d 
I N 
o 
?•?? 
so f » l 
d 
o p 
2 
l O 
d 
0 0 
i n 
d 
<r j 
"^  
T t 
T t 
SO 
d 
o 
? ? 
•* • * 
d 
H 
1 
i •s 
A 
«« g 
3 
w^  
so 
" t 
d 
d 
1 
, 
U 
1 
•s 
x: 
' M 
^ 
^ 
OS 
-^o 
d 
oo 
—« i *n 
d 
m 
^^  
OO 
o 
o 
T t 
r n 
v^ 
so 
o I N 
o 
o p 
m 
OS 
I N 
SO 
V-J 
p 
V~t 
-^
r^t 
O 
O 
s o f S V-J 
c~ 
I N 
d 
m 
o p 
^ 
m 
r~l 
d 
T t 
o 
o 
d 
T t 
d 
d 
f S 
-^
m 
*-" d 
T t 
o 
o 
i 
* — 1 
d 
m 
o 
o 
? ? s 
OS 
I N 
d 
m 
o 
o d 
-H 
I N 
OS 
"^ O 
m O 
p d 
-H 
«n 
so 
d 
I S 
o 
o 
0 0 
o d 
— d 
1 
oo 
p d 
OS 
o 
2 
o d 
oo 
o 
r-OS 
o 
d 
m 
o 
o 
t 
•^  m 
r-
>n 
Tl -
r n 
TT 
f S 
r s | 
r-
r-f S 
*o 
m 
r n 
so 
— <N 
rM o 
OS O 
d "". 
"Tt 
TT O 
t-^  p 
2^ 
so O d <^  
o 
so O 
2^ 
w-i m 
d "^  
o 
oo 
I^ O 
- * o 
t ^ OS r--
OS 
O 
d 
I N 
o 
o 
m rn d 'f. 
o 
OS 
oo O 
m o 
?•?? 
V ^ 
r--o 
d 
o 
o 
O ( N 
m T t 
d -^  
o 
0 0 O 
f s | O 
? ? ? ? ? ? 
d 
o 
o 
E 
S 
*-5 
SB 
W 
••c 
4^ 
> 
o I S 
d 
v- j 
O 
d 
o 
4t 
(*• 
O 
E 
7« 
's 
*k . 
X 
r^  o 
d 
CS \D 
<N U-J 
= 3 
< 
1 
•s 
JS 
• * -
s 
^ 
.s 
fl 
> 
'5b 
-H 
§ « 
2 
a 
o 
1 
1 
I 
i 
I 
e« 
9 
,o 
'C 
^8 
9i 
V> 
C3 
V 
&. 
^8 
•O 
8 
u 
a 
^ • 
*a -H 
B 
u 
s 
en 
u 
a 
o 
a 
> 
5 
i 
s 
a 
c« 
en 
8 
s 
S 
R 
• • 
H 
8 O 
-a 
.4> 
sioqinXs 
en 
v, 
cs 
a 
>> 
-a 
o 
S 
es 
r-
r-f*^ 
<n 
o r n 
0 ^ 
f S 
P 
r-
( N 
'«t 
OS 
CO 
•^  
»ri 
oo 
r*; 
'n ON 
<N 
«n 
o 
r*^ 
•* ( N 
•<t 
rn 
f*^ 
v ^ 
( N 
0 0 
<N 
p 
OS 
m 
r* 
o 
so 
"O 
"n (^  
o 
o 
^ Ov "n r*l 
^ T t
o 
v^ 
: 
r«^ 
f*^ 
<N 
o 
1 
Ov 
• ^ 
rn 
»o 
>o 
7 
*ri 
rs 
<N 
( S 
O 
5 
aq 
v-j 
-^_ T 
f S 
ON 
o 
^ 
•o 
2 
o 
d 
*« at 
B 4»
f -
r-
T t 
0 0 
o 
^^  
<N 
d 
<N 
f ^ 
o f ^ 
d 
OS 
o 
o 
0 0 
fs l 
( N 
SO 
Os 
OS 
•/-) 
r*-i 
p 
SO 
W^ 
<N 
O 
r^  T t 
T) 
0 0 
^ 
m 
2 
f S 
o 
<o 
m 
^^ (N r-- v j 
so 
so 
r<i 
( S 
o 
f 
»n 
<n 
»o 
f<S 
<N 
• * 
O 
( N 
d 
^ f S 
i rs 
o 
r ' l 
( N 
so 
<N 
d 
• * 
o 
o 
( N 
O 
r«^ 
f * l 
*r, 
o 
o 
0 0 
0 0 
<N 
d 
0 0 
o p 
1 oo 
<N 
d 
•w 
o 
o 
? ? ^ 
m 
r^  
d 
r^  
o 
o 
<n <N 
o 
' O 
( N 
0 \ 
r-
<N 
d 
t ~ 
o 
o 
1 ? ? ? ? 
o t 
O 
r-
CJ 
oo 
^ H 
r~ 
o r j 
d 
o 
o 
OO 
o 
o 
<s <N 
rsl 
d 
rs| o 
o 
0 0 
I ~ 
<N 
SO 
" I -(^  
T f 
• * 
P 
( N 
SO 
*n 
rsi 
so 
O 
rsi 
•n T t 
2 
m 
o 
rr 
m 
5 
<N 
O 
TT 
m 
2 
t N 
d 
0 0 
<N 
2 
( N 
d 
t ~ 
0 \ 
o 
o 
•* d 
so 
o p 
1 
o 
m 
d 
so 
o 
o 
t -
sO 
^ 
r~ 
>r, 
oe 
- t 
so 
m 
fs) 
OS 
•a-
• " » ; 
oo 
3 
I - -
d 
oo 
r^  
d 
w^ 
d 
Os 
•<t 
oo 
o 
o 
rn 
so 
so ( N 
O 
f S 
1 ; 
oo 
o r*^ 
r-
(^  rsj 
f S 
( N 
f * i 
o 
«o 
s 
o P 
O <N so 
t^ 
r~ 
d 
r-l 
o 
• » 
d 
T 
T 
so 
so 
d 
0 0 
o 
o 
<S 
d 
OS 
rsi 
so 
•* d 
OS 
p 
t so 
m 
d 
(~ 
o 
o 
OS 
r<s 
<N 
• ^ 
SO 
O 
so 
t ^ 
OS 
( S 
<N 
rs | 
v, 
•9 
o <N t 
d 
t -
« I 
d 
«n 
-^
t 
o 
o 
t -
^^  d 
m 
o p 
s 
V~i 
-^d 
(^  
o 
o 
o 
so 
r j 
t 
p 
r* 
rn 
o 
*n p 
o 
o vt 
ro 
Os 
r n 
r*^ 
O l 
1 
d 
f n 
r4 
i 
d 
s o 
t -
o 
o 
r*^ 
ON (^  
>n 
0 0 
( N 
^O 
oo 
\p 
O N 
V^ 
IT) 
r j 
v^ 
rn 
•<t 
r--
' J -
o 
OS r^ OS 
OS 
d 
r-
o 
o 
i Os 
-^d 
O l 
o 
o 
o d 
( N 
NO 
t •V 
d 
m 
m 
t - -
s o 
d 
o 
M 
P 
t f S 
«n 
d 
• * 
o 
o 
r^  
o 
>n 
n 
0 0 
so 
V l 
r j 
r^ 
so 
r~l 
rsi 
r~ 
Os 
SO 
r r j 
O 
OS 
d 
0 0 
so 
d 
4 t r i 
d 
so T f 
t ~ 
o 
OS 
r~ O i 
d 
so 
o 
i 0 0 
>n 
d 
§ 
o 
^ ? ^ ? ? ? ^ ^ 5 ? S f ? 
CO 
OS 
rsi 
d 
r~ 
o 
o 
<N 
•sr 
d 
rsi 
• * 
OS 
•a-
• * 
s 
p 
o P 
f*^ 
<N 
d 
CN 
OS 
V~l 
<N 
d 
m 
o 
o 
rsi 
d 
— 
m 
•^  d 
m 
o 
o 
r*^ 
d 
v ^ 
? ? ? ? ? ? ^ ? 
( N 
«n 
r N 
d 
O 
o 
»n r*^ 
d 
o ( S 
*rt 
OS 
m 
d 
o 
o 
i ?• $ ?• ? ?' 5 ? ? 
o 
so 
oo 
( N 
o 
? 
<N 
t 
O 
* r i 
^ H 
o 
( N 
^ H 1 
d 
1 
J9 
"s 
1 
i E 
g 
1 
r-SO 
d 
o 
o 
^ 
t ^ 
o 
d 
Tj-
o 
f*^ 
-^5 
o d 
f 
s. 
•s 
1 
i 
i 1 is 
w-i 
d 
o 
o 
r n 
^ H 
d 
r l -
Vt 
w^ 
d 
O 
O 
t ^ 
T — 
d 
•"3-
? ? ? ? 
OS 
o 
d d 
1 
1 
a 
•s 
1 
i E 
g 
1 
OO 
rsi 
d d 
A. 
I 
•5 
j a 
-w 
^ 
:2 
t-~ 
0 0 
d 
o 
o 
t O l 
d 
OO 
d 
oo 
5 
d 
T t 
0 0 
OS 
d 
o 
o 
oo 
o d 
o 
o 
-: 
O 
P 
rs | 
d 
o 
V~i 
•^ 
d 
O l 
o 
o 
d 
-H 0 0 
m 
-^  o 
r4 o 
o 
? ? ^ ? ? 
o so 
d 
o 
o 
t -
o d 
1 ^ 
o 
o OS 
P 
d 
r~l 
o 
o 
0 0 
o d 
oo 
o 
????? 
d 
3 
E 
a 
o 
a 
o 
o 
« r i 
J3 
.2f 
s 
<N 
d ° 
> 
1 
> 
JS 
1 
^ 
r~i 
so o 
d 
<r, 
o d 
1 
1 
•1 
a 
& 
£ 
r j 
OS 
s 
o P 
S 
** a 
^ 
OS 
rsi 
d 
( N 
ro 
m 
d 
•<t 
o o 
r-1 
• ^ 
d 
OS 
m 
OS 
rr, 
• * 
9-
P 
o p 
? ? ? ? 
o 
ON 
t 
d 
w-j 
T—1 
o t -
r j 
d 
o 
o 
r< r ^ 
d 
o r-l 
so 
n 
£ 
^ O 
P 
m 
• * 
so 
•<t 
T t 
SO 
OS 
r~l 
oo 
o 
s o 
V^ 
Os 
OO 
<ri 
rsj 
o 
SO 
r i 
o Os 
T 
(~ ^ 
rsi 
•* T 
r-m 
^ 
r~ r o 
7 
oo 
~^ 
0 0 
so 
t-~ 
ft 
o 
? 
m oo 
oo 
rs 
O N 
O 
^ 
o 0 0 
^ 
o 
o 
? 
T f 
ON 
rri 
<N 
O 
? 
0 0 
v-1 
r i 
Os 
o 
o 
*o 
oo f*^ 
m 
r-
• ^ 
•< i -
v-> 
<N 
OO 
W-1 
f S 
m 
NO 
NO 
oo 
r-f S 
o p 
s o 
rsi 
OS 
r-; 
T 
s o 
M 
( N 
• * 
T 
r< r n 
^ 
r-l 
rs] 
i 
o 
M 
Os 
SO 
? ? ? ? f ? 
r~ i ~ 
d 
O 
O 
V~i 
^^  d 
"o 
^^  
r*^ 
oo 
d 
o 
o 
? ? ? ? 
r^  
^^  d 
is 
1 
1 
•s 
A 
'^  ^ 
:3 
"n 
m 
d 
n 
~^ d 
1 
J 
1 
•s 
A 
- I t 
g" 
J2 
OS 
r*l 
d 
OS 
•r> 
o 
so 
«1 
? 
>r, 
•^ d 
b 
1 
i •5 
X ! 
' M 
^ 
:s 
m 
• * 
so 
d 
o 
? 
d 
OS 
<r. 
d 
>n 
•n 
? 
r-
• t 
d 
1= 
1 
1 
•s 
.a • ^ 
s 2 
Tt 
r*^ 
O 
v^ 
0 0 
o^ 
>n 
ON 
»r^  
0 0 
T t 
f S 
r-; 
1 
1 
( N 
v^ 
• ^ 
O 
o 
OS 
rs | 
O 
r^  
• t 
r- l 
p 
OS 
• * 
TT 
1 ^ 
O 
r^  
oo 
m 
OS 
O 
O 
n 
0 0 
0 0 
o 
m 
• * 
rs | 
1— 
"n p 
o 
ir, 
r^ 
f O 
trt 
r-l 
0 0 
• - H 
Tt 
o 
o 
^ T" ? ? ? ? ? 
OO >n — ^ ^ m m O 
0 0 
<N 
<ri 
o 
NO 
rn 
oo 
r-' n 
rsi 
r~; 
o 
o 
d 
-H r<i 
p^ 
ro 
r^  
o 
*n d 
T f 
? 
m 
m d 
• * 
rsi 
oo 
r-; 
rn 
O N 
p 
1 oo 
so 
d 
0 0 
o 
o d 
-H 
OS 
so 
m 
d 
>n 
o 
o 
^ ? ? 
OS 
p 
OS 
o p d 
-H 
so 
•n 
so 
d 
o 
o 
^ 
r*^ 
d 
OS 
d 
, 
, 
U 
1 
•s 
ja 
« t 
^ 
:2 
•* 
r^ 
d 
r j 
d 
r- l 
m 
t r^  d 
Os 
O l 
O l 
rn 
d 
0 0 
o 
o 
•sr 
OS 
r g 
d 
so 
o 
o 
? ? 
rn ( N 
d 
r-<N 
2 
<N 
d 
oo 
—^ 
w-i 
r g 
d 
so 
o 
o 
d 
>n 
— d 
r^  
d 
T f 
"^ 1 
d 
M 
•— 
«n 
-^d 
m 
o p 
I r*n 
—' d 
t 
o 
o 
•>t 
r-l 
T f 
o 
t r i 
r*^  
OS 
m 
- O 
T t 
OS 
OS 
v-1 
>ri 
so 
r^  f ^ 
0 0 
m ^-
•q- o 
OO r-
(S v-j 
-- ^ 
( N 
NO rn 
— o 
ON tn 
00 O 
d 2 
NO 
v-1 O 
NO O 
? ? ? 
•^  o 
f*^ 
o 
o 
oo (^ 
•n — d ^ 
o 
o 
IT) —* 
<o o 
? ? ? ? ? 
v^ 
• * 
rsi 
d 
o 
o 
? S 
<n 
—H 
d 
»o 
-^i rsi 
d 
O 
4t 
e 
L. 
s 
s 
^ 
08 
<J 
> 
OS 
so 
d 
rg 
o p 
2 
• * 
d 
OS 
p d 
o 
—•_ d 
1 
t ^ 
o d 
oo 
o 
«ri 
o 
—^ o 
o 
o 
v^ r<l 
t — d -0 
o 
so 
so O 
m O 
? ? ? 
T 
OO 
o d 
o 
o 
O OS 
m n d '^ 
o 
QO O 
rg o 
? ? ? ? 
w-j 
o d 
.a 
o 
O 
V 
B 
.2 
'•5 
2 
a 
.§ 
o 
X 
r-so 
o 
d 
— OS 
r i "1 
o f^ 
< 
\ 
•5 
M 
*-^ 
^ 
1/3 
^ 
.22 
e 
o 
e 
o 
w 
n 
I 
w 
S 
1 
I 
I 
B 
U 
a 
o 
I 
O o 
en 
8 
s 
S 
en R 
V 
IS 
fn 
- * 
• • 4) 
,A 
08 
H 
1 
5 
e 
..^ N & 
o 
88 
o 
I 
It 
:;3 
5 
§ 
sioqinXg 
t: 
a 
;»^ 
O 
s 
C8 
Z 
OS 
^ ( N 
oo 
O 
p 
O 
^ p 
^ 
<N 
T f 
r-
<n 
oo 
o 
so 
so 
•^  r n 
i O N 
CS 
r*^ 
1 
OS 
oi 
( N 
1 
0 0 
r-; 
( N 
r ^ 
w^ 
<N 
r^ 
o 
vq 
3 
•^  
^ 
o^  0 ^ 
2 
o 
o 
^ 
•o 
2 
O 
j a 
a 
m 
»ri 
o 
5 
( N 
( N 
ro 
O 
m O 
ON 
^ r n 
o 
OS 
o 
f^ 
o 
W-1 
oo 
t N 
r^  p 
o 
r^  
o 
0 0 
p 
«n 
* N 
* N 
OO 
r-(^  
OS 
r^  
2 
<N 
d 
u-i 
( N 
1 
d 
( N 
OS 
O 
o 
o 
o ( N 
r--
r-p 
( N 
f S 
SO 
V~t 
( N 
r o 
r^ 
e n 
o 
m 
£ 
o 
<= 
c^  
( N 
t ^ 
f M 
r^  
r^ 
<N 
r^ 
f 
l-~ 
0 0 
<N 
r>4 
OS 
<N 
r n 
(^  
p 
o P 
m 
0 0 
r n 
m 
<N 
•* 
O 
I N 
*n p 
so 
OS 
P 
OS 
' J -
r o 
f*^ 
SO 
o 
<N 
O 
\0 f*t *ri t^ <0 '^ v^ 
f ^ 
<N 
O 
>n 
o p 
1 ( N 
<N 
O 
5^  o o 
r j 
d 
so f S 
<N 
O 
m 
<N 
so 
<^  
s 
5^  
o q 
1 
• * 
<N 
S 
-—• 
•r, 
o 
<=>. 
<N 
O 
<N 
m 
5 
r^  
o 
i n 
( N 
o f*^ 
d 
r-
o p 
t so 
<s 
d 
w-i 
o o 
•» d 
OS 
• » 
2 
T 
d 
o 
• * 
? ? ? 5 ^ ? ? 
t ~ 
o 
o <N 
0 0 
0 0 
— o 
• * 
o 
o 
v o < n T t 
o 
•«»• r j 
t ~ 
o 
0 0 
CM 
m 
o 
p 
1 *ri 
OS 
o_ 
o 
VO 
t p d 
f S 
- H 
2 
(3J 
•a 
1 
1 
i E 
s 
s 
r-
-^o 
o 
o 
o 
0 0 
o 
o <N 
i 
d 
so 
f n 
o ( S 
o 
• ^ 
o 
o 
s 
oo 
— d 
m 
o 
o 
OS 
O 
o rsl 
i 
d 
so 
*rt 
fs i 
d 
• * 
o 
o 
0 0 
0 0 
-^d 
r*^ 
o 
o 
• * 
m d 
OS 
f ^ 
2 
e n 
d 
0 0 
— 
*^^  T) 
d 
OS 
o 
o d 
•<t 
•<t 
d 
so" 
o o d 
-H 
>o s o 
r^ 
d 
O 
o 
•q-
<N 
Csj 
SO 
SO 
m 
oo 
oo 
<r, 
r-) 
0 0 
r n 
r~i 
oo 
t ^ 
<N 
o 
' t 
t rs) 
d 
f * i 
d 
r~l 
d 
<o ( N 
2 
r 4 
d 
o rsl 
( N 
o 
so 
r^ 
d 
( N 
o 
r*^ 
SO 
O 
r-OS 
(^  
f*^ 
r*i 
SO 
<N 
r-
«r) 
r*^  
m 
o p 
so 
•— 2 
d 
v^ 
-^
^ ( N 
r^  
t N 
d 
«rj 
o o 
? 
OS 
rs» 
<N 
d 
<n 
o 
o 
d 
«n 
^^  
2 
d 
—H 
>o 
o 
o 
oo 
rsl 
o c 
oo 
o 
oc 
oo 
p 
>o 
o 
o 
•n 
so 
«*^  so 
0 0 
"-
^ 
o p 
< s •<*• o 
m 
"^  o 
rsi 
o p 
1 r^ 
"^ d 
v ^ 
O 
o 
d 
so 
—• d 
4 
d 
s o 
so 
"^ d 
<N 
O 
o 
?• 
• * 
d 
? o o 
rsl 
so 
rn 
m 
OS 
SO 
VO 
rs) 
f S 
r*^ 
T 
•^  
SO 
• * 
f ^ 
r j 
so 
2 
• * 
d 
OS 
f n 
o 
rs 
o 
'a-
T f 
r n 
w^ 
• ^ 
o r n 
m 
T f 
( N 
0 0 
oo 
rn 
r-
f n 
r n 
O 
r-
• * 
o 
r j »n so 
>r^  
m 
d 
Os 
o 
o 
>r> d 
0 0 
rr 
>r, 
o. 
S 
Sc 
o Q 
OS ^ OS ir^ 
o i 
d 
o f*^ 
r^  f ^ 
d 
S" o 
o 
m d 
C7S 
m 
• * 
1 -
d 
P o o 
^ ? ^ ? ^ ? ^ 
o rs | 
•^  d 
m 
o 
o 
oo «n fsj 00 V I 
•* r*-i 
d 
r*^ 
O 
O 
d 
so 
0 0 
-^  d 
(^  
o 
o 
^ =f ? ?' ? ? ^ ?' 5 
f ^ < N ^ ( N s o i n s O f ^ r ^ T 
-^ . o 
t 
o 
o 
? 
m o 
o^ 
^ H 
d 
<N 
^ 2 
o 
o 
1-
1 
1 
"5 
1 
1 
1 1 
s 
T f 
^^  d 
r*^ 
o 
o 
oo 
o 
-" o^  
.—1 
d 
f*^ 
t 
o 
1 
1 
1 
1 
i E 
s 1 
•<t 
•" d 
T t 
o 
o 
— d. 
^ M 
d 
v^ 
-^2 
o 
fiu 
1 
•s 
f 
*« ^ 
J2 
so 
-" d 
•n 
o 
o 
f S 
"^  O ^ 
^ H 
d 
r«^ i 
d 
S 
1 
•s 
** JS 
t X 
•* 
"^ d 
• * 
o 
o 
p d 
oo 
o 
2 
o d 
oo 
o 
OS 
o 
d 
<s 
o 
o 
d 
T 
d 
d 
rsl 
«o f*^ 
-^d 
m 
o 
o 
rsl 
rs 
d 
' T 
O 
o 
O 0 0 s o 
t ~ 
p 
d 
•» 
o 
o 
o 
d 
oo 
o 
o 
- • 
d 
• r j 
o 
o 
v^ *n -^ m •^ 
"^ d^ 
o d 
> • 
1 
> 
"5 JS 
2 
? 
so 
o 
d. 
o d 
•o 
1 
1 
••5 
e 
^ 
£ 
so 
o 
d, 
>< C 
S 
• * 
r^  d 
so 
"^  
CJ 
T ™ 
2 
d 
' T i 
d 
% 
i 
1 
1 
•5 
Ji 
-«-> ^
 
2^ 
oo s o 
rs 
d 
in 
o 
o 
5 
• * 
r j 
d 
m 
o 
o 
? 
r^  so 
-^ . o 
• * 
o 
o 
m 
d 
OS 
r>* 
2 
rs d 
• * 
rs i 
d 
r-
-^
rs 
• ^ 
rrj 
d 
V~i 
o 
o 
>n 
r-rs | 
d 
so 
o 
o 
oo 
OS 
-^ . o 
>o 
o 
o 
OS 
r n 
OS 
r j 
^ 
oo 
oo 
m 
• ^ 
• * 
r-T t 
tn 
r^  
( N 
o 
2 
r~ 
^ 
r-
• * 
5 
m 
,J, 
Os 
( N 
7 
_^  
0 0 
oo 
d 
1 -
d 
o 
so 
2 
»n 
d 
T f 
•n 
^ ( N 0 0 r n 
<N 
" • 
o 
d 
g 
u 
J 
1 
"5 
ja 
• ^ 
s 
:s 
• * 
" • 
o, 
T f 
d 
bh 
1 
1 
"5 
A 
** ^ 
:3 
m 
o 
so 
I— 
0 0 
o 
o 
i 
• ^ . 
oo 
o 
^ 
^ OS 
"7 
s o 
p 
1 
m 
oo 
d 
o 
m 
so 
* r i 
d 
( N 
p 
1 
r-
• * 
d 
oo 
Os 
rs 
<r, 
r g 
m 
• » 
OS 
• » 
o r«% 
r~-
0 0 
r^  
OV 
1 ^ 
r^ 
•9 
t^ r* l 
OO O 
O oo 
Vi v~t 
_^ r-; 
OS 
OS O 
fn p 
31 
r n ( N 
-^  ^ 
5r 
rs p 
5 l 
o — 
-- '^ . 
W-J 
»n — 
Os O 
2! 0 0 V~i 
d •» 
o 
o — t- o 
it s o SO 
d ^ 
o 
o 
*ri ^ 
w^ O 
2? 
•"r OS * r~
d 't 
o. 
H 
••B 
•o 
IS 
e 
f 
en 
a 
-* 
0 0 
r n 
OS 
• * 
OS 
OS 
oo 
r~ 
•>9-(^  
1 
1 
rq 
r^  
5! 
Os • * 
r j 
so 
v^ 
2 
T f 
d 
m 
2 
( N 
d 
m 
<N 
d 
I 
d 
• 
• 
M 
B 
e 
o 
.s 
at 
a 
a 
J 
0 0 
o 
o 
f n 
Os 
OS 
0 0 
m 
«o 
p 
1 ^ 
OS 
p 
0 0 
r^  
0 0 
o 
• * 
rg f n 
5~ 
o Q 
oo 
r^  
v- i 
OS 
P 
m 
r^  
r^  
o 
0 0 
OS 
d 
v% 
so O l 
r^  
1 ^ 
p 
so 
r o 
O l 
O 
OS Tj- f*^ r^ oo 
• » 
i r i 
r g 
r-
o 
o d 
-H 
V~) 
d 
«n 
o 
o 
<N 
d 
so 
rs 
2 
rs d 
so 
rs 
0 0 
• N 
s 
^ 
o P 
r^  
' V 
so 
o p 
d 
so 
— 2 
d 
rs 
-" 
m 
"^ d 
>n 
o p 
d 
;8 r^l 
-" d 
m 
o 
o 
? ? ? ? ? 
r i 
oo 
rs 
d 
so 
o 
o 
o 
rs 
d 
o 
rs d 
( N 
? 
d 
oc 
— 
so 
rs 
rs 
d 
m 
o 
o 
OS 
o d 
rs 
— 
s o 0 0 
o 
rs 
d 
f n 
o 
o 
p d 
OS 
o 
f ^ 
o 
-* o 
•T 
O 
o 
d 
-H 
O 
• ^ 
o 
r j 
o 
o nn 
-^d 
m 
•—' ? 
d 
O 
•s 
1 
T 3 
s w 
"i > 
so 
"^ o 
O l 
o p 
1 
rs 
^ o. 
o d 
0 0 
o 
2 
o d 
0 
>> 
o 
w 
«l) 
E 
« 
••3 
a 
o 
B 
0 0 
p 
d 
rs 
o 
o 
o 
T f 
rn 
»n 
oo 
w-i 
Os 
Os 
<N 
O 
<N 
OS 
V~» 
<N 
V i 
«*^  r n 
so 
<N f S 
<N O 
t ^ Os 
OS r^ 
d ". 
so 
• * O 
r^  o u 
so — 
d f^ 
o 
m 
s o O 
2^ 
O 0 0 w^ TT 
d 'O 
o. 
1 ^ 
oo o 
•>f O 
2^ 
O so 
T f "Tl 
d 't 
o 
o « t o 
2^ 
O rs m so d "^  
o 
• * 
o o r<^ O 
r- >ri r--
r-
o 
d_ 
r s S5 
d "-S 
o 
< 
1 
•s 
.a 
** g 
^ 
^ 
C 
> 
'5b 
w 
czi 
•g 
u 
2 
8 O 
S 
O 
u 
I 
u 
tj 
u 
-o 
e 
s 
I 
s 
o^ 
> 
9i 
es 
_s 
8 
a 
>» . 
*fi -H 
S 
V 
b. 
w 8 
C M 
O 
V 
+* 
& 
> 
5 
1-4 
t; 
> 
I/) 
s 
I 
• * -8 
s 
s 
en 
R 
H 
I 
N 
8 O 
I! 
s 
•9 
< 
s|oqiiiX§; 
-a 
o 
.£! 
C M 
O 
u 
s 
« 
f S 
vO 
^ 
Ov 
CTv 
f S 
r^ 
f ^ 
O 
• C 
VO 
• » 
o 
oo ( N 
^f\ 
f*^ 
r-; 
5' 
>n -^ ON p 
il »ri Ov 
T t 1 - . 
^ 
rT 
o o V~t M-
<N 
( N 
f S 
OS 
"-• 
r n 
TT 
( N 
m 
p 
T f 
• * 
rNi 
^ • ^ 
*ri 
m 
^ 
o 
<N 
O 
r^ 
m 
>o m (N 
^ ON 
f ^ < ? 
f ^ 
TT 
^ — VO o 
»r) r-
r-; *n 
m 
rT 
»r) ON 
v£) O 
( N 
O 
v-i 
f S 
2 
( N 
d 
VO 
<^  
o r ^ 
d 
^ 
p 
1 
r-( S 
o. 
w^  
o o 
• * 
rs 
f ^ 
p 
VO 
o p 
m 
( N 
( N 
Ov 
•n 
O 
^ 
f * ^ 
r o 
2 
( N 
O 
•n 
m 
5 
* N 
O 
m 
m 
VO 
O 
o 
VO 
Ov 
»N 
d. 
oo 
oo p 
t Ov 
<N 
d 
0 0 
o o 
^ 
NO 
( N 
f N 
m 
m 
w^ 
p 
m 
^ 
"J-
vp 
f * ^ 
I ^ 
-
oo 
• * 
2 
m d 
VO 
m 
d 
( S 
d 
r j -(^  
^ 
p 
I 
• * 
d 
oo 
0 0 
o 
r-
5 
^ 
-
o 
oo 
•9 
VO 
T t 
^ 
0 0 
oo p 
oo 
r^  
r*^  
oo 
I ~ 
o o 
0 0 
Ov 
f N 
VO 
<N 
0 0 
O 
' T 
Ov 
Ov 
( N 
VO 
• ^ 
<N 
VO 
r~ ( N 
«o 
t o 
o 
o 
t o — ( N 0 0 
r-d 
0 0 
r--
<r\ 
o_ 
G" 
o 
o 
«/^  d 
Ov 
• * 
0 0 
l-~ 
d. 
, , 
0 0 
>o 
d 
P 
o o 
• * 
d 
oo T T 
( N 
d 
o f * ^ 
1— 
• t 
d. 
f n 
rs p 
1 
r~ r^ 
d 
p 
o o 
• t 
f S 
m 
• * 
^ 
VO 
1 ^ 
~' 
r^  <N 
VO 
n 
-
t ^ 
t o 
r*\ 
O 
( M 
i 
d 
Ov 
—^ i 
d 
»n 
-^  
t o 
o o 
9 
m 0 0 
-^d 
t o 
o p 
1 
NO 
•—' 
d 
f O 
8 
s ? ? ? § ? s ? ? ? ^ 
r 4 
cs ( S 
d 
oo 
o 
o 
w-^  ( N 
O 
»^  «N 
o ov ( N 
d 
sr 
o 
o 
s o 0 0 oo ON OO r -
NO r*^ 
— ' • * 
<N 
TT 
O * N 
o o 
d 
o f S 
( N 
d 
>? 
o 
o 
i^i% o •* 0 0 O 
w < > 
^ 
Ov 
o ^ 
rs o 
3S 
O I3S 
_: p 
^ 
.J 
• a 
e 
A 
a 
-^d 
•* I 
d 
1 
•5 
1 
1 E 
s 1 
VO 
t -
-" o 
TT 
O 
o 
0 0 
"^ d. 
O 
SO l 
d 
r*^ i 
d 
i 
1 
1 1 1 % 
m 
<N 
d 
( N 
O 
o 
0 0 
rs d 
o f « ^ 
2 
r 4 
d 
i ~ 
o 
m 
d. 
o' 
^ 
r^ 
• * 
d 
<N 
• * 
<N 
VO 
• t 
d 
G' 
o o 
vO T j r^ 
VO 
<N 
d. 
5^  
o 
o 
f n 
d 
O ) 
<N 
o 
• ^ 
d 
«rj 
o 
o 
m <N 
d 
r«^ 
<N 
i 
d 
0 0 
— 
Ov 
VO 
<N 
O , 
? 
O 
o 
o ( N 
o. 
? 
o 
o 
( N 
d 
fNi 
^ 
o d 
—^ 
NO 
m 
— • 
d 
m 
o 
o 
o 
d 
f * i 
o 
o 
m 
r n 
<N 
t o 
<s p 
o 
o 
r^ 
OV 
VO 
p 
t o 
o t o 
VO 
VO 
( N 
m f S 
1 
d 
• * 
CN 
d 
vi 
d 
oo 
- • 1 
d 
VO 
d 
o 
(~ 
o o 
0 0 
r-r*^ 
t ^ 
rN) 
m 
o 
r-^  
oo 
en 
^ 
t o 
ro 
t o 
^ 
• » 
<N 
t 
t ^ 
fv? 
o 
r r f*^ f n 
o 
<N 
d. 
oo" 
o p 
t OV 
-^  d 
§ 
o 
d 
-H m t o 
^^  d 
f * ^ 
o 
o d 
-H 
• * 
- • 
O , 
f s " 
o 
o 
? ? ? ? ? ? ? ? ? ? ^ 
NO 
V^ 
^^  d 
f ^ 
o 
o 
m 
d 
VO 
( S 
vO 
-" d 
T f 
o 
o 
l ^ 
^ M 
d 
VO 
'—f 
ON — 0 0 — 
-^o^ 
d 
1 
i 
•s 1 
1 E 
g 
1 
r-1 
-^
^ 
d 
E 
a 
B 
O 
U 
a 
e 
• a 
el 
a 
"^ 
s 
• * 
o p 
I 
-^ 
-" S 
' T 
d 
• * 
— 2 
d 
S 
E 
9 
S 
a 
e 
u 
Q . 
o 
«« ^ 
.a 
a 
VO 
vO 
"". o 
m 
o 
o d 
-H O 
r^ 
"^ O 
r-o d 
oo 
o 
t o d 
> 
o 
• f l 
^ 
^ 
t o 
ov O 
d 
oT 
o p 
1 r^  
o 
d 
oo 
o 
o 
d 
1 
d 
"o 
1 
•a 
1 
•1 
a 
I S. 
t o 
Ov 
O 
d 
( N 
o 
o 
VO 
d 
Ov 
VO 
d 
• ^ 
d 
>n r«^ 
2 
m 
d 
r^ 
m 
i <N
d 
o 
<s 
2 
1—1 
d 
VO 
^^  
Ov 
t o 
g. 
t o " 
( N 
o 
t o 
t 
t o 
d 
5~ 
o o 
TT 
0 0 
1 ; 
( N 
l ~ 
vq 
<N 
r - i 
0 0 
oo 
^ 
• > » 
Ov 
OV 
r n 
^ <N 
o 
T 
Ov 
d 
0 0 
VO 
'S 
p 
1 0 \ 
Ov 
d. 
t o 
o n 
t o 
d 
0 0 
•» 
Ov 
>o 
d 
t o 
o o 
s ? ? 
o 
rs 
f ^ 
d 
oo" 
o 
o 
f S 
• ^ 
d 
cs 
^r 
oo TT 
•<)• d. 
o" 
o 
— rv| t -
o o 
( N 
d. 
m 
o 
o 
ro 
d 
<N 
( N 
r^  
m 
d. 
£" 
o 
o 
<N 
Ov 
f ^ 
o 
• * 
• * 
ov 
Ov 
<N 
( N 
Ov 
P 
<N 
<N 
Ov 
0 0 
O 
f S 
o 
1 
Ov 
VO 
r j 
f S 
Ov 
T 
|-~ w 
r*^ 
• t t 
T 
t^ fn 
^ 
r-f ^ 
T 
oo 
- H ' 
o 
r-
-^  
TT 
O 
OV 
0 0 
ci 
;::;. 
rs 
o 
i ( N
0 0 
trT 
o o 
% 
o 
•>t 
~ 
o" 
<N 
o 
rvi 
0 0 
* N 
~ 
o 
o 
^ 
r~ r*^ 
m 
r^  
• ^ 
t o 
-* rs 
ov 
ro 
<S 
t s 
0 0 
vq 
Ov 
f S 
<s 
o 
vO 
( S 
0 0 
T 
VO 
^ 
r*\ 
•>t 
T 
<N 
f n 
w 
(N 
«s 
1 
O 
^ 
o 
r-
»n 
r<-j 
O 
oo 
• ^ 
NO 
m 
ON 
0 0 
• ^ 
vi 
r-
o 
<x> 
oo 
'^  NO 
1 
1 
f S 
5fT 
r^  to 
oo 
rs. 
C 
o 
oo 
rs 
r^  
o" 
o 
NO 
m 
oo 
r-
2 
t o 
d 
m 
•* 
^ 
t o 
p 
1 
oq 
r^ 
O 
( N 
O 
- t t 
Ov 
vO 
d 
s 
o 
f * ^ 
oo 
^ 
0 0 
0 0 
p 
oo 
NO 
m 
<N 
p 
a^ Tj-
r^  
T t 
oo 
r^ 
2 
rs d 
o 
' T 
d 
1 
t o rs d 
f<i 
ov 
O 
o 
«-) 
r^  
-
r n 
o 
- • 
oo 
f N 
oo p 
o 
<n ( N 
f S 
f N (N 
OO 
M -
f ^ 
r^ 
d^ 
m 
o 
d 
r-
— 
t o 
o p 
1 
vO 
d, 
•o" 
o 
o 
to rs to 
o 
f t ^ 
d 
ov" 
O 
o 
? ? ? ? ? 
t ^ 
oo 
f * ^ 
" 
? 
<s 
<=» 
r<^ 
m 
d 
VO 
rs 
•* oo
m 
d 
f«^ 
o 
0\ ov m 
-^  
^ 
o" 
o 
? ? ? ? ? ? ? 
f * ^ 
QC 
"^ O 
?" 
o 
o 
>o 1—• 
d 
vo 
— 
Ov 
OO 
~ o 
t^ 
o 
o 
<N 
VO 
d 
o VO 
t ^ 
VO 
VO 
o. 
( N 
O 
in <N r- m (N 00 fs 
r-
o 
d. 
w ? 
> 
d 
1 
1 
•s 
A 
'W 
S 
^ 
• * 
'^ o^ 
d 
1 
1 
1 
"o 
f 
'*« S 
:2 
t o 
^^  o 
d 
to 
1 
i 
•s 
A 
-M 
g 
:3 
t o 
t o 
d. 
f S 
VO 
d 
o 
«. 2 
t o 
o 
1 
1 
"S 
A 
'^  S 
:2 
t o 
VO 
vq 
d 
rs" 
o 
? 
-^  V l 
d, 
d 
1 
1 
o 
e 
4» 
t M 
s 
f 
«« ei 
a 
« 
- < 
(^  rs 
d 
m I S 
o 
oo 
t - i 
2 
<^. o 
0 ^ 
— 
VO 
rs 
d 
P^  
o o 
d 
• ^ 
^^  2 
d 
f * ^ 
— 
t 
"^ o 
t o 
o o 
oo 
• ^ 
rn 
( N (^  
o 
»n NO 
NO 
I ^ 
" • 
T f 
( N 
r-; 
NO 
( N 
r*-i 
O ( N 
V I O 
0 0 O 
<s p~ 
—' *^  
^ 
^ 
VO r^ 
— O 
—' o 
o v l O 0 0 m 
d P 
o" 
1 - O 
l??l O N 
~^ o. 
m 
O 
o 
^ 2 1 
t o o v O t o 
rs 
d 
t o 
o 
o 
 d 
o 
-^
"^  o. 
m 
o 
o 
Ov t ^ 
•o rs d ^ 
o 
t ^ 
rs o VO O 
7 ? 
t o m ^  
d -n 
o. 
G" 
t o O 
r*^ O 
^ ^ T ^ ? ? 
<n 
—H 
d 
NO 
-^1 
d 
O 
•3 
2 
w 
r 
> 
I ^ 
^ o 
?" 
o 
o 
r^  
o 
d 
0 0 
o 
oo 0 0 
o 
d 
r*-i 
O 
O 
OO o v 
<N O 
d '^ 
o 
p 
0 0 O 
rs o 
ON »rj <s <N r r l 
• ^ 
—1 
o^ 
o d 
O 
e 
E 
.S 
**3 
a 
*L. 
O 
s 
r^  
o 
d 
< 
1 
•s 
A 
' M 
^ 
:3 
CO 
c 
u 
> 
'ci) 
W 
2 
Observations-II 
measures 0.96 cm (minimum) under isolated condition at 27 C and reaches up 
to 3.69 cm (maximum) under crowded condition at 37°C in fifth instar before 
becoming adult. 
The mean rate of increase of body length between instars in both sexes 
was calculated as 1.34 in males and 1.39 in females (Tables 37 - 44). 
The measurements of various body parts of the hoppers and the rate of 
increase in various instars in both sexes of this species were calculated. Sixteen 
body parts thus measured were the length and width of body; length of anterma; 
width of vertex between the eyes; perpendicular distance from the mid-vertex 
to the tip of he head; vertical and horizontal diameter of eye; maximum width 
of head at genal level; length and height of pronotum; length of the anterior, 
middle and hind femur, Length of tibia. 
These body parts were selected for measurement, as they are considered 
most important by various workers in the field of acridology. These 
observations have been very usefiil in locust studies and now may be of 
immense use for fiiture studies on polymorphism in solitary grasshoppers. Such 
body parts were measured in all stages of biology, starting from first instar 
hopper up to an adult in both sexes. The mean ratio of increase in size during 
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development and growth were different in various body parts with variable 
magnitude. 
Such observations may provide a measuring scale of the species in 
particular and with other grasshoppers in general. The Tables (37 - 34) are self-
explanatory. It is to be noted that the mean rate of increase in case of males was 
highest in the length of elytra (3.49) and lowest in the width of head (1.12) 
under isolated conditions at 27°C, while in case of females it was highest in the 
length of elytra (3.84) at 27°C under isolated conditions and lowest in the 
horizontal diameter of eye (1.17) at 37°C under crowded conditions. These 
measurements and their ratios may be of great biological utilization especially 
during polymorphic behaviour of those grasshoppers, which show occasional 
gregarization and social behaviour. 
The development of tegmina and wings in acridoids has already been 
considered as a special feature for distinguishing between hopper instars. In the 
first instar hopper, the lower posterior angles of the mesonotum and the 
metanotum do not show any differentiation but in the second instar they 
become somewhat extended and punctured, and in the subsequent instars they 
appear as rounded-triangular lobes, directed obliquely downward with distinct 
traces of longitudinal ridges, which are tracheae, later to become axillary vein; 
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Fig. 38. Pie diagram showing total hopper duration under various 
experimental conditions of 
A - Acrida exaltata 
B - Choroedocus illustris 
57.5 
PRE - OVI OVl POST - OVI Female Male 
Fig.39. Pre-oviposition, Oviposition and Post-oviposition 
periods and longevity of adults of Acrida exaltata at 
27±1 "C under fed on Zea mavs. 
PRE - OVI OVI POST - OVI Female Male 
Fig.40. Pre-oviposition, Oviposition and Post-oviposition 
periods and longevity of adults of Acrida exaltata 
at 37±1 "C under fed on Zea mays. 
Observations-II 
their number in the hind wings of Acrida exaltata increases at each moult. The 
striking change occurs in the alar rudiments in the 3*^  instar and both pairs of 
rudiments turned on their axes so that the outer surfaces become the inner and 
the rudiments of the tegmina (attached to the mesonotum become covered by 
those of the wings, both lying dorsally and directed obliquely upwards). 
Rudiments are lateral up to third instar and rudiments reversed in the fourth and 
fifth instars before becoming adult. The reversal of alar rudiments in male and 
female of this species having five instars is illustrated in Figs. 41 and Table - 5. 
The sexual differentiation of the terminal abdominal segment and of the 
external genitalia in different instars, as well as in the two sexes, can be 
distinguished in hoppers without any difficulty. The changes in external 
genitalia during the development of Acrida exaltata are shown in Figs. (42 & 
43). A distinctive change is found at the stage of final instar in two sexes. The 
female upper and lower valves are longer than paraprocts, while in case of 
male, subgenital plate is elongate-parabolic, much longer than paraprocts. The 
descriptive and diagrammatic sketches of terminal abdominal segments and 
external genitalia given in Figs. (58 & 59) are self-explanatory. A comparative 
description on the changes of the terminal abdominal segments during the 
development in both sexes is as follows: 
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Instar Male Female 
II 
Subgenital plate semi- circular Upper ovipositor valves short, 
in shape and slightly excised at triangular sub- acute, separated by 
apex, covering only base of a deep rectangular excision. Lower 
paraprocts. valves represented by a transverse 
fold (distinct only towards end of 
the instar) at bases of upper valves. 
Subgenital plate semi- Upper ovipositor valves small, 
circularly excised at apex with acute, separated by a deep and 
short obtuse lobes. acute excision. Lower valves 
represented by a transverse fold 
with slight projection in the 
middle. 
Ill Subgenital plate narrowed to Upper ovipositor valves longer, 
apex, which has a shallow acute, separated by deep and acute 
excision and reaches middle of excision. Lower valves triangular, 
paraprocts. separated by narrow excision. 
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IV Subgenital plate with narrowly Upper valves longer, separated by 
parabolic apex reaching almost narrow excision. Lower valves 
to apex of paraprocts. longer than that of the III instar. 
V Subgenital plate elongate- Left and right ovipositor valves 
parabolic, much longer than separated along the middle line, 
paraprocts, pointed at apex. Both upper and lower valves 
longer than paraprocts. 
Adult Aedeagus is formed. Lower and upper ovipositor valves 
sclerotised. Ovipositor fully 
formed. 
During normal moulting from hoper to hopper, it was interesting to note 
that some impartial and incomplete moulting do occur, especially during over-
crowding, leading to various deformities but having no adverse effect on the 
reproductive potential. 
The variation in the number of hopper instars between species or in a 
single species with special reference to sex, though, have been reported in 
various cases but in this species there are five hopper instars in both the sexes. 
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Male individual cycle is completed in 46.13±1.36 days while female individual 
cycle is completed in 55.87±1.47 days (average hopper duration). 
DESCRIPTION OF HOPPER INSTARS: 
First instar hopper: 
The freshly hatched nymphs are yellowish brown or pale green in colour 
with brownish dots dorsally, paler ventrally; head is pale brown bearing brown 
markings; two anterior pairs of legs, pale with brownish markings, hind pair is 
pinkish. Wing rudiments indistinct. 
Second instar hopper: 
Greenish-brownish dorsally, paler ventrally, dim dots on the body. Head 
brown with few blackish dots. Hind legs brown with prominent black dots and 
stripes. Wing pads present. Sexes more distinct. Ovipositor valves of female 
present. 
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Observations-II 
Third instar hopper: 
Similar to second instar except the tips of antennae and tibiae are darker. 
Wing pads more distinct. Ovipositor valves very clear. 
Fourth instar hopper: 
General colouration dull brown with small black dots and stripes 
dorsally, pale ventrally; wing buds reversed in males. 
Fifth instar hopper: 
General colouration brownish, eyes, antennae, head and thorax darker 
than in previous instar. Wing buds reversed in females. 
About sixteen body parts of all stages of hoppers including adults of 
both sexes were measured in order to have comparative rate increase and the 
developmental mean rate which have been tabulated and calculated and are self 
explanatory (Tables, 53 - 58). 
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Application of Dyar's law: 
The Dyar's law (1890) was applied in this species because the 
successive formation of instars is a progressive development. The 
measurements of head width of the successive instars were taken separately in 
both sexes and within the same sex. 
The head width in successive instars increases in a geometrical 
progression (Fig. 44). The average increase in each instar is 1.213 (minimum) 
under crowded conditions and goes up to 1.220 in isolated conditions at 37^C, 
respectively for the male hopper and it was 1.178 (minimum) under crowded 
conditions and reaches up to 1.281 (maximum) under isolated conditions at 
37°C, respectively for the female hopper before they reach the adult stage. The 
calculated head width is found close to the observed head width (Tables, 46 & 
47). These figures are enough to determine the instars and eliminate any 
possibility of missing any ecdysis in the life-cycle. Although the above figures 
are not completely identical and are sufficient to infer that the increase in head 
width follows Dyar's law. 
(ii) LIFE CYLCE IN THE FIELD: 
86 
5* 
N 
s 
o 
o 
-H 
n 
I 
I 
u a a o 
o 
J3 
o 
X! 
-a 
• ^ 
• n 
-«« 
p 
»9 
s 
o 
•c 
S 
OS 
- t i t 
o 
5C 
O u 
a a o 
^ 
s 
o 
en 
> ^ 
o 
o 
B 
*-C 
es 
w^ 
"a a 
• 
NO 
3 
H 
I 
o 
O 
a 
a 
o ja 
S 
u 
I 
lo 
o 
-** 
an 
a a 
o 
CZ5 
•«*• vc ov r^ 
-^ iO 00 ^^ 
o o o o 
as 
^ • ^ 
(N 
f—1 
X 
r t 
ON 
O 
ON 
^ i H 
(N 
f—1 
X 
0 0 
( N 
^^  
OV 
1 — ^ 
(N 
^ H 
X 
l O 
W-) 
»-^  
O N 
y—^ 
( N 
^^  X 
l O 
t ^ 
1 — 1 
I—1 
1 - ^ 
I — • 
o 
II 
^ 
1 ~ H 
(N 
t — i 
X 
(N 
O N 
O 
<N 
• * 
I — * 
O 
II 
• * 
^ i H 
<N 
1 — 1 
X 
1 ^ 
^ H 
T—< 
O 
0 0 
^—* 
o 
II 
• * 
^ — 1 
(N 
1—( 
X 
OS 
^ I—1 
(N 
O (N 
O 
II 
• * 
^ • ^ 
(N 
^ 4 
X 
r^  
so 
" — I 
•^ 00 m m 
ON CN m r~ 
o ^ ^ ^ 
(N i^ ON r~ ON ^ rt so O — ^ ^ 
ON 
O 
II 
O 
o 
o 
II 
O 
II 
NO 
oo 
O 
II 
NO 
X X X X (N 00 ^ •^ 
O >/-) ON O 
(N ON 
X X 
NO O 
ON V~l 
o ^ 
o 
o o 
ON 
r-
X 
o 
oo 
(N 
X 
ON 
NO r^ 00 ^ • * 
O O u-) ON O (N ^ ^ —« <S 
ON NO o o r- • * 
ON ON m oc ON -^ 
^ O ^^ -^ ' ^ CNI 
I I I I II I I II 
a s - 5 « 
- B 3 ^ > - = S ^ > 
C8 
s 
o 
.s 
o 
o 
<L> 
60 
C3 
X 
o 
o 
C3 
o 
T3 
O 
N 
s o 
-H 
5 
« 
I 
o 
a a o 
JS 
B O 
99 
on 
u 
c 
•a i 
a 
H 
en 9i 
"a 
£ 
u 
a 
a 
o ja 
o 
V 
ja ^ 
o S 
• * * 
13 
U 
ja 
C M 
•2 a 
•a 
en 
o 
a 
S 
e 
•c 
o 
!Z5 
s 
o 
•c 
9t 
O 
X/1 
• • -» 
n 
a & 
e 
C/5 
>o ( N 
" — I 
O 
II 
r*^  
l - H 
M 
^ M 
X 
r^ 
o 
> — ' 
( N 
r^  
" — I 
o 
II 
m 
^ - H 
( N 
^ H 
X 
rs| 
^ 
^^  
, — 1 
f - H 
( N 
O 
II 
m 
* — t 
( N 
^ H 
X 
• * 
t ^ 
• — 1 
0 0 
( N 
( N 
o 
II 
m 
T — « 
( N 
^ X 
oo 0 0 
•—1 
ON 
r<-) 
> — 1 
o 
II 
0 0 
1 f^ 
^ X 
oo 
1 — 1 
' — 1 
c^  
o ( N 
o 
II 
0 0 
r-
> — ; 
^ X 
vo 
r-
» - H 
0 0 
u-> CN 
o 
II 
0 0 
r^  
> — ; 
^ X 
o T — 1 
CN 
^^  
^ ( N 
O 
II 
0 0 
r^  
>—; 
^ X 
CM 
( N 
( N 
ON 
o 
II 
o 
fN 
^ X 
OO 
o 
O 
II 
o 
( N 
^ H 
X 
o o 
o 
II 
o 
CN 
^ X 
o 
II 
o 
CN 
, — 4 
X 
0 0 
r~ m >n 
m ^ vo 
^ (N (N 
o o o 
II II II 
0 0 0 0 
fNl 
III! 
0 0 
I 
0 0 
X X X X 
r- r~- t ^ r^ 
o ^ o ^ 
^ - ^ f N f N 
m 
o 
o O 
• * 
r^ 
o 
00 
00 
o 
o 
fN 
o 
00 
o o 
ON 
o 
CN 
(N 
O 
CN 
O 
o o t ^ - ^ ( N ' ^ r ~ - r ~ - r - m ' 0 O N < ^ v o o o ' - i o v o o — r~-
O 1-H ^ ^ ( N —I ^ CN CN f N 
o o o o o o o c S o o 
l l l l ^ 
o 
-o 
o 
X 
o 
T3 
u 
O 
o 
"5 
T 3 
U 
0.25 
0.2 
0.15 
0.1 i 
0.05 
0 
Isolated Male 
0.25 
0.2 
0.15 
0.1 
0.05 
0 
Isolated Male 
s 
JS 
•a 
CQ 
PC 
0.25 1 
0.2 -
0.15 -
0.1 -
0.05 -
0 
0.3 
0.25 
0.2 ^ 
0.15 
0.1 
0.05 
0 
Crowded Male 
0.3 
0.25 
0.2 
0.15 
0.1 
0.05 
0 
Isolated Female 
Crowded Female 
0.25 
0.2 ^ 
0.15 
0.1 
0.05 
0 
0.3 
0.25 
0.2 
0.15 
0.1 
0.05 
0 
Crowded Male 
Isolated Female 
II III I V 
27 ± 1 "C 
V 
37 ± 1 "C 
HOPPER INSTARS 
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Observations-II 
There are two generations in a year, the first hatching was recorded in 
June 2001 and such hatchings continued up to August. Development continues 
up to October and it is in this month that they attain maturity and complete 
copulation takes place. By November egg-laying takes place which goes up to 
second or third week of November. Such eggs hibernate during the month of 
December and January, which is often regarded as typical of acridoids and 
common in temperate climates with cold winters as found in Aligarh. This may 
be considered as a winter diapause. Hatching starts in the first or second week 
of February and continues up to the last week of March. The second completes 
hopper development up to April or first week of May and then they attain 
sexual maturity. In this manner second generation starts fi-om the month of 
February and is completed in April. Thus the first generation passes through 
the fourth week of April to the first week of November and the second 
generation passes through the second week of November to the third week of 
April. There was no obligatory diapause but facultative or winter diapause 
cannot be ruled out. The above description is based on complete recordings of 
two generations during the years 2001-2005 Overlapping generations and the 
population of Acrida exaltata throughout the year suggests that there are more 
than two generations a year. It can be added on the basis of field experiences 
that this species cannot be placed in diapause category. 
87 
Observations-II 
There are considerable variations in the hatching dates of Acrida 
exaltata, which can be attributed to differences in temperature regimes 
experienced by egg-pods laid with different exposures, in the type and 
moisture contents of the soil and in other macro-meteorological factors. These 
were not investigated further as the present studies were carried out mostly 
under controlled and laboratory conditions. 
The seasonal variations in the population of Acrida exaltata in different 
months of the year, 2001-2003 are based on fortnightly captured for counting 
purposes in accordance to the temperature, relative humidity and rainfall of 
different months (Figs. 5, 6, 7, 8 & 45). 
It was found that the adults available in the month of December and 
January can sustain cold regime of temperatures but the reproductive 
development remains suspended. Likewise, the hopper stages, mostly the late 
instar hoppers found in severe cold can also sustain low extremeness of 
temperature with slowest developmental rate. These findings suggests that 
extremes of low temperature do have a bearing on the hopper and adult 
temporary diapause, which is not a true diapause and can be attributed as to 
'combat period' with ecological odds like two temperatures. Actually this is 
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simply a suspension of developmental activities for the time being, showing 
ability of an ecological adaptation. 
(B) POPULATION STUDIES 
The population studies of Acrida exaltata with reference to seasonal 
variations in a year are based on numerical values of all stages of sex 
populations. In addition to it, special importance was paid to their small-scale 
movements. 
(a) Seasonal variations: 
Acrida exaltata is found, throughout North India, year round even 
during extreme cold and hot weather. It is mostly abundant in short grasses like 
Cynodon dactylon Pers., and in tall grasses like Panicum psilopodium Trin. The 
local open savanna in Aligarh consists of the following grasses: 
Cyperus rotundus Lin., Paspalum distichum Liim., Seteria glauca (L.) 
Beauv., Panicum psilopodium Trin., and Cynodon dactylon Pers., was found to 
be mostly preferred by Acrida exaltata. It was also found that there were two 
complete generations in a year with overlapping of various nymphal stages of 
the third generation. In this way their numerical presence was recorded 
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throughout the year. The most populous phase was found in September and 
October, while the population at the lowest ebb in the month of December and 
January. The records of seasonal variation in the population of Acrida exaltata 
during 2001, 2002, 2003 and 2004 along with their population in different 
months of the year are shown in Fig. 6. These data are based on fortnightly 
collection with all regularities. To co-ordinate and compare the relative 
abundance in different months of the year, meteorological data showing 
temperature, relative humidity (R.H.) and rainfall were also recorded. It is 
inferred that the increase in population is associated with the rainfall and 
sustained temperature, mostly on higher side, which has facilitated the hatching 
of hoppers, early development of hoppers and quick attainment of adult stage. 
For meteorological data see Figs. 5, 6, 7, 8 and 45 for seasonal variations. 
It is noteworthy that the population of this species was never found as 
zero. It might have gone to a very low stage but there was no occasion when 
the Acrida exaltata was not found in and around Aligarh. 
(b) Variations in sex population: 
The ratios in the nymphal instars for the years, 2001, 2002, 2003 and 
2004 were recorded in a number of samples, chiefly obtained by net sweeping. 
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The sex ratios of the adult in the same year have been recorded for all the 
specimens. The sex ratio in Acrida exaltata was almost 1:1 in first instar 
hoppers; it oscillates in subsequent instars while in aduhs there was an excess 
of females. Sometimes, the excess of males was also recorded during good 
populations of third and fourth instar hoppers. This excess of male was mostly 
found in the month of September, which dwindles significantly in October but 
the females out - numbered males during October and November. This is 
probably because of short age of males and eventual death due to exhaustion 
after copulation with females. The female sex ratio starting fi"om first instar 
down to the mature adult remains relatively incomparable with male sex instars 
and adults. 
(c) Small scale movements: 
During summer season of the years 2001-2004, a comprehensive study 
was made to explore the environmental factors influencing movements of this 
species in and around Aligarh, including all stages. Plot marking technique was 
adopted with special reference to available grass plot in the habitat which were 
divided into three categories namely: 
1. grass between 5 - 6 inches 
91 
Observations-II 
2. grass cut to within an inch to the ground 
3. bare ground with an occasional tuft of long grass 
These plots of the habitat were marked alternatively and the number of 
hoppers and adults entering in each alternative area was recorded. It was also 
recorded that the effect of slopes remain on the number of grasshoppers 
entering short grasses only, that more hoppers entered the short grasses at the 
bottom of the slope than at the top. 
The small-scale movements of the adults were confined to long and 
short grasses with intermittent and abrupt flights. The movements were also 
found to be affected by the day length. It was also critically observed that the 
male adults entering tall grasses leaving short while females were entering into 
short grasses as compared to tall grasses. All observations are based on visual 
inspections during the course of experimentation. 
(C) ENVIRONMENTAL FACTORS 
(i) TEMPERATURE: 
The temperature gradient, increasing or decreasing, do affect the 
development of eggs, fecundity and the locomotory behaviour of the 
pest's biological stages. Therefore, the effect of temperature, as an 
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environmental factor, has been studied under four categories, namely, 
eggs, fertility, hopper development and locomotary behvaiour. 
(a) EfTect of temperature on eggs: 
The eggs were subjected to different temperatures and their incubation, 
hatching, hatchability was recorded. The temperature range was 10°C to 45°C 
while the relative humidity was maintained at 70±5%. Table - 36 is self-
explanatory and shows that the temperature has a significant effect on eggs, 
which is of an ecological importance in the biology of the species concerned. 
(b) Effect of temperature on fertility: 
The fertility is referred to the number of eggs hatched out of the total 
number of egg laid by a single female. In this case 1200 eggs were incubated, 
out of which 845 eggs hatched at 35°C showing percentage of hatching to be as 
high as 70.41%. Such observations are of immense value in the biology of such 
pests where nothing is known (Table - 36). 
(c) Effect of temperature on hopper development: 
The developmental process was affected when subjected to various 
temperatures ranging from 25°C to 45°C as evident from the rate and survival 
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percentage of hoppers along with per day developmental rate as shown in Table 
- 4 8 . 
(d) Effect of temperature on locomotory behaviour: 
The locomotory behaviour is referred to the jumping and walking 
activities of the hoppers and the adults, and this was assessed on the basis of 
visual observations in rearing cages at different temperatures ranging from 
10°C to 35°C. When the nymphal instars were released in cages maintained at 
10°C, the locomotors activities were found slowest but when transferred to 
cages at 25°C, they showed increased activity. The brisk locomotory behaviour 
was recorded at 30°C to 35°C. Death occurred at 50°C. 
(ii) HUMIDITY: 
It is already known that the relative humidity plays an important role in 
the physico-ecological behaviour of acridoids in general. However, nothing is 
known in this species. The present day study is based on wet and dry 
conditions created in terms of low and high humidity. The effect of such 
humidity of the soil, oviposition site and the development of hoppers and 
finally the fecundity was recorded. 
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(a) Effect of soil moisture on egg development: 
The effect of soil moisture was studied under three conditions: where 
soil moisture was absent, present and in abundance or in excess. 
In the present experiment, three egg-laying tubes with egg - pods were 
selected. One tube was not provided with any moisture while the second one 
was continuously provided with water and the third one was flooded. The result 
was that there was no hatching in the first and third tube and the second one 
gave normal hatchlings. 
(b) Effect of moisture on the selection of oviposition sites: 
The present species under study was tested with three different soils 
having variable moisture contents namely, completely dried, moist and flooded. 
On releasing mature females, the egg-laying was done only in moist soil 
and the dry and the flooded soil was rejected by them. 
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(c) Effect of relative humidity on hopper development: 
Like temperature, relative humidity is an ecological parameter, which 
affects the development process. Completely dry conditions like 5-10% R.H. 
show the least developmental progress by affecting general health and 
extending life span. The humidity ranging from 50-80% are preferred as 
evident from the normal developmental rate of the hoppers and timely life-
cycle span. The excess of relative humidity also causes either developmental 
retardation or death of the individual. 
(d) Effect of relative humidity on fertility: 
The fertility in terms of percentage of hatching was found lowest at 10% 
R.H. and very high at 70-80% R.H. above that the fertility was at the lowest 
rate ever recorded. 
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(Hi) FOOD: 
(a) Effect of food plants on the development: 
The quality and quantity of food has a direct bearing on the development 
of various stages of insect during the completion of life-cycle. In the present 
study various food plants have shown significant effects on the development of 
nymphal and adult stages. Table - 49, shows the results of the effect of 
different food plants on the hopper development period and the daily rate of 
development of Acrida exaltata. It was found that the food plants do affect 
sexual and hopper development period and development of hoppers per day. 
Saccharum officinarum and Brassica oleracea var. botrytis, though dominant 
food plants in insect's breeding areas, have different effect on the hopper 
developmental periods and on sexes which in case of latter shown the 
minimum developmental period to be 33.20 days in males & 38.40 days in 
females and in case of former to be 79.30 days in males and 88.50 days in 
females. The decreasing effectiveness of the other 9 food plants tested for the 
developmental period are of significance. Similarly the development of hopper 
per day in terms of percentage in relation to various food plants has also been 
calculated. These observations were found to be extremely significant because 
of one fact that the food plants in the habitat are the biotic factor with 
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Table: 49. Effect of different food plants on the hopper 
development period and daily rate of 
development of Acrida exaltata Walk, 
reared at 37 ± 1 "C and 70 ± 5 % R.H. 
Name of food plants Sex Hopper development 
period 
(Days) 
Development of 
hoppers/ day 
(%) 
Cynodon dactylon 
Paspalum distichum 
Sorghum vulgare 
Saccharum offidnarum 
Seteria veiUctUata 
Seteria glauca 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
48.00-54.00 
(50.83±0.63) 
55.00-64.00 
(58.30±0.88) 
38.00-46.00 
(43.00±1.20) 
44.00-51.00 
(47.50±1.50) 
45.00-51.00 
(48.60±1.10) 
70.00-76.00 
(74.20±0.86) 
75.00-82.00 
(79.30±0.37) 
86.00-90.00 
(88.50±0.23) 
32.00-37.00 
(35.80±0.53) 
44.00-50.00 
(46.30±0.78) 
40.00-50.00 
(47.70±1.75) 
1.85-2.08 
(1.99±0.04) 
1.56-1.82 
(1.75±0.07) 
2.17-2.63 
(2.34±0.09) 
1.96-2.27 
(2.11 ±0.08) 
1.96-2.22 
(2.06±0.04) 
1.31-1.43 
(1.35±0.03) 
1.22-1.33 
(1.26±0.06) 
1.11-1.16 
(1.14±0.02) 
2.70-3.12 
(2.81 ±0.08) 
2.00-2.27 
(2.17±0.07) 
2.00-2.50 
(2.32±0.08) 
Panicum psUopodium 
Cyperus rotundus 
Lactuca saliva 
Brassica campestris 
Brassica oleracea 
var. botrytis 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
48.00-54.00 
(50.90±0.89) 
38.00^3.00 
(39.90±0.69) 
46.00-54.00 
(49.60±0.43) 
30.00-36.00 
(34.30±0.51) 
38.00-44.00 
(40.70±0.84) 
52.00-57.00 
(55.30±0.31) 
80.00-86.00 
(83.70±0.68) 
40.00-44.00 
(41.70±0.22) 
50.00-55.00 
(52.10±0.43) 
31.00-36.00 
(33.20±0.54) 
34.00^0.00 
(38.40±0.98) 
1.85-2.08 
(2.01±0.06) 
2.32-2.63 
(2.54±0.09) 
1.85-2.17 
(2.07±0.03) 
2.77-3.33 
(3.00±0.03) 
2.27-2.63 
(2.48±0.06) 
1.75-1.92 
(1.8U0.08) 
1.16-1.25 
(1.19±0.06) 
2.27-2.50 
(2.40±0.07) 
1.82-2.00 
(1.92±0.09) 
2.77-3.22 
(3.03±0.03) 
2.50-2.94 
(2.64±0.05) 
Mean ± S.E. is given parentheses 
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Fig. 46. Effect of different food plants on the hopper duration and 
daily rate of development of Acrida exaltata Walk. 
Observations-II 
differences in effectiveness. Presence or absence of such food plants will 
certainly determine the rate of hopper development with reference to sexes as 
well. 
(b) Effect of food plants on the survivability of nymphal stages: 
The significance of food plants for the survivability of nymphal stages 
or survival percentage along with hopper duration and growth index of Acrida 
exaltata was recorded. As evident from Table - 50, thirteen food plants 
belonging to various families were used. The number and percentage of 
hoppers which attained adult stage and average hopper development period 
represent the total growth index. The growth index was calculated by taking 
percent hopper reaching adult stage as 'n' and the average developmental 
period as 'P' . The 'n/P' ratio shows that out of the thirteen plants, six have no 
bearing on the survival percentage. The highest average development (64.48%) 
of hopper reaching adult stage took place by feeding on Seteha glauca and the 
lowest (15.35%) on Brassica oleracea var botrytis. Other food plants have 
been arranged in accordance to their effectiveness. This gives a food 
preferential index within the habitat ad the abundance and scarcity of such food 
plants may determine the survival percentage and hopper duration along with 
growth index of the pest under study. 
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(c) Effect of food plants on adult survival and longevity: 
The effect of various food plants on the pre-copulation, pre-
oviposition, oviposition and post- oviposition periods and longevity of adults 
oiAcrida exaltata, was studied with respect to adult. The results are shown in 
Tables, 50 & 51 and Fig. 47. 
The longevity of adults was found to be different with Seteria glauca 
recorded as 55.2 days in males and 71.4 days in females. But the longevity of 
adults was maximum while feeding on Seteria vericillata as 62.1 days in males 
and 71.4 days in females. Seteria glauca mostly dominates the habitat, when 
hopper stages are in outbreaks. 
Out of the six dominant food plants in the breeding area of the, two plant 
species namely Seteria glauca and Cyperus rotundus appear to be more 
preferred. 
(d) Effect of food plants on fecundity: 
No worker has reported any effect of different plants on the fecundity of 
females of Acrida exaltata. In the present study, six food plants were tested in 
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order to find out their effect on average fecundity. It was found to be 163.9 
with Cyperus rotundus and 65.28 with Saccharum officinarum (Table - 52). 
This may be due to the former being more nutritive than the latter. 
(e) Food preferences in nymphs: 
It is observed that out of the thirteen food plants tested, Cyperus 
rotundus was most preferred while Saccharum officinarum remain partly 
rejected. The maximum survival has been recorded while feeding on Paspalum 
distichum. These are quite useful, applied and hitherto unknown observations. 
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Observations-II 
(D) MORPHOMETRICS AND GREGARIOUS BEHAVIOUR 
The present study on morphometries of the hoppers and adults of this 
species is on the same pattern, as was done in case of Choroedocus illustris. All 
the parameters as well as body part indices taken for adults are same. In this 
specie4s, all the 16 parameters, both in males as well in females were found 
statistically significant (Tables, 53-58). 
The comparative account of body part measurements is given in Tables, 
(53-64), summarizing the stability and gradual developmental ratios among 
body parts, which represent mathematical progression in various components. 
All the measurements were made on 30 males and 30 females in isolated and 
crowded conditions. 
It is evident fi-om the results that the significant changes in some body 
parts under stress of crowding have occurred and show a definite tendency of 
gregariousness and phase formation attitude. These findings are very 
significant taking into account the polymorphic behaviour of this species. 
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(a) Isolation: 
The body parts of all the nymphal instars measured while in isolation are 
comparable to that of individuals in crowding conditions and thus show a 
definite and marked difference in various parameters in morphometries 
(Tables, 53 & 54). 
(b) Crowding: 
On few occasions in nature and on many occasions in the laboratory, the 
aggregation of nymphal instars and adults were recorded. An experimental 
batch of aggregating nymphal instars and adults were subjected to 
morphometrical analysis of body parts with two different sexes and tabulated in 
Tables, (53 & 54) depicting a significant change during such gregarious 
conditions. Of all 16 indices, some have shown significant morphometrical 
changes in both the sexes. These changes were prominent in length and width 
of body, width of vertex between the eyes, maximum width of head, length and 
maximum width of pronotum, length of sternum, span of body with elytron, 
width of wing and hind femur. Standard deviations were calculated in both 
crowded and isolated conditions which support the basic apprehension that the 
species under study is a polymorphic and gregarious in nature. 
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(c) Colour changes: 
The natural colour of this species is metallic or lustrous in appearance 
with many other combinations of colours. The normal pigmentation changes 
according to the age of the instar. The detailed account is given in Chapter - V. 
(d) Swarming: 
The temporary gregarization and discontinuous aggregation activity of 
this species was observed on many occasions. These observations have shown 
differences in size and colours. 
(e) Band formation: 
In the early instar hoppers the primary grouping has been a common 
feature and previously was recorded in 1985 leading to a hypothesis that this 
species definitely linked with those acridoids having occasional gregarization. 
(f) Instinctive behaviour: 
The occasional gregarization seems to be instinctive because it is 
repeated frequently leaving temporal conditions aside. This instinct is linked 
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with outbreaks of this species. This is not found when hatchings are poor and 
the species found numerically at the lowest ebb. Both the species under study 
have shown primary swarming, band formation and instinctive gregarious 
behaviour because they are sharing some ecological habitat and almost similar 
feeding and biological habits. 
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Table: 55. Difference between means of body part 
measurements of crowded and isolated adults of 
Acrida exaltata at 27±1^C fed on Zea mays, 
(30 replicates) 
Males 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
09 1 
s > 1 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.009 
0.009 
0.010 
0.006 
0.020 
0.008 
0.005 
0.003 
0.015 
0.013 
0.024 
0.019 
0.014 
0.005 
0.009 
0.014 
Crowded • 
t 
2.523 
2.672 
2.627 
2.523 
2.692 
2.593 
2.627 
2.523 
2.692 
2.682 
2.647 
2.687 
2.658 
2.627 
3.352 
2.428 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.017 
0.012 
0.013 
0.017 
0.011 
0.014 
0.013 
0.017 
0.011 
0.011 
0.012 
0.011 
0.012 
0.013 
0.002 
0.021 
Table: 56. Difference between means of body part 
measurements of crowded and isolated adults of 
Acrida exaltata at 27±1*^ C fed on Zea mays, 
(30 replicates) 
Females 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
"o 
s 
(/2 
L 
C 
"Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.031 
0.008 
0.009 
0.005 
0.014 
0.010 
0.003 
0.008 
0.015 
0.017 
0.019 
0.011 
0.015 
0.008 
0.005 
0.015 
Crowded • 
t 
2.503 
2.692 
2.523 
2.236 
2.692 
2.692 
2.523 
2.593 
2.387 
2.181 
2.489 
2.575 
2.523 
2.593 
2.627 
2.523 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.018 
0.011 
0.017 
0.033 
0.011 
0.011 
0.017 
0.014 
0.023 
0.037 
0.018 
0.015 
0.017 
0.014 
0.013 
0.017 
Table: 57. Difference between means of body part 
measurements of crowded and isolated adults of 
Acrida exaltata at 37±l"C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
"o 
S 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.011 
0.006 
0.008 
0.006 
0.008 
0.005 
0.004 
0.006 
0.009 
0.011 
0.014 
0.016 
0.011 
0.007 
0.003 
0.024 
Crowded • 
t 
2.400 
2.523 
2.692 
2.692 
2.593 
2.236 
2.692 
2.692 
2.523 
2.400 
2.564 
2.483 
2.678 
2.658 
2.523 
2.647 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.023 
0.017 
0.011 
0.011 
0.014 
0.033 
0.011 
0.011 
0.017 
0.023 
0.015 
0.019 
0.012 
0.012 
0.017 
0.012 
Table: 58. Difference between means of body part 
measurements of crowded and isolated adults of 
Acrida exaltata at 37±1*C fed on Zea mays. 
(30 replicates) 
Females 
Indices 
Length of body 
Max. width of head 
Min. width of Pronotum 
Max. width of Pronotum 
Length of Pronotum 
Height of Pronotum 
Width of vertex 
Per. distance of vertex 
Length of fore femur 
Length of mid femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
09 
Xi • 
S 
!/5 
L 
C 
Mp 
Mx 
P 
H 
V 
I 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.027 
0.007 
0.008 
0.005 
0.013 
0.010 
0.004 
0.007 
0.014 
0.015 
-0.07 
-0.07 
0.019 
0.003 
-0.054 
0.014 
Crowded 
t 
2.478 
2.625 
2.563 
2.287 
2.669 
2.679 
2.449 
2.535 
2.459 
2.191 
-0.811 
-0.880 
2.083 
1.068 
-3.437 
2.502 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.019 
0.013 
0.015 
0.029 
0.012 
0.012 
0.020 
0.016 
0.020 
0.036 
0.423 
0.385 
0.046 
0.294 
0.001 
0.018 
0 
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Coloration and Patterns 
The hoppers of Choroedocus illustris and Acrida exaltata exhibit a wide 
and intergrading rage of colour patterns, particular types of which have been 
considered to be related to the behaviour, congregation, damaging potential, 
food preferences, polymorphic behaviour and occasional gregarization. Uvarov 
(1921) considered these range of colour patterns to the phases in Schistocerca 
gregaria. However, as the hopper coloration has been subjectively and 
independently classified by individual investigators, comparisons of their 
observations and conclusions are rendered different. A difficulty with the 
classifications of colour pattern, its interpretation and comparisons was 
removed by Stower (1959) by employing a colour atlas, the Munsell Book of 
Color (1929 - 1942), enabling colour to be expressed by numerical symbols. 
However the author used a different book, a dictionary of colour, Maerz and 
Paul, 1950, London. An attempt has therefore been made to evolve a method 
by means of which the colour patterns of hoppers and adults of these two 
occasionally gregarious acridids have been described as objectively as possible. 
Life line of Choroedocus illustris and Acrida exaltata maintained were 
subjected to two extremes (Low and high) temperatures in a B.O.D. incubators 
and the crowding was maintained in terms of the space and the number of 
individual hoppers in the available jars (15 x 20cms). For isolated condition 1 
hopper was kept in a jar and 50 for crowded conditions. All changes in the 
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colour were arrested at different hopper stages and observed visually; with 
hand lens and for dots and streaks microscope was used. 
Both choroedocus illustris and Acrida exaltata have shown a particular 
coloration of uniformly green or varying shades of brown and yellow, reddish 
or olive brown, rather variable respectively. All these colours were found 
reversible when the crowded condition was converted into isolated one. In 
Acrida exaltata, the streaks and dots on pronotum were pronounced in early 
hoppers and dots were more exponentially dark and brovra green in later stages 
(Tables, 72 - 78 and Figs. 5 5 - 6 1 ) , wile as in case oi choroedocus illustris 
streaks were pronounced only on the head region and dots were prominent on 
pronotum region. These streaks and dots were absent in the late instars (5'^), 
especially in adults. The colours were green, light brown in early instars while 
the late instars were dark brown and blackish brown indicative of their 
potential gregarizing behaviour (Tables, 6 5 - 7 1 and Figs. 48 - 54). 
DESCRIPTION OF PATTERN 
Clark (1943) devised a standard notation for describing the colour 
patterns of adult British Acrididae, treating the characteristics of a number of 
body regions separately. This method, used with slight additions to the 
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notation by Richards and Waloff (1954), is of great value for use with those 
species showing a relatively discontinuous range of colour variation and in 
which the colour classes may be recognized with comparative ease. However, 
such a method standardizing the procedure for describing colour patterns has 
been little used. The author used a different and more comprehensive method 
of colour notation by describing the colour of head and pronotum region. The 
focus was on the background colour, streaks and dots during different 
experimentally set conditions of temperature and crowding, while as food was 
kept constant (Zea mays). The colour types were standardized, coded and 
named by using a dictionary of colour by Maerz and Paul, 1950, London. The 
variation from green to brown in Acrida exaltata and yellowish brown to 
brown to dark brown in Choroedocus illustris and the extent of the patterns of 
darker pigments was observed at different hopper stages. The colour changes 
were arrested and drawn on the line diagrams of head and prothorax 
(pronotum) with care, although the colour drawn may not be in close accuracy 
with the colour of insect but maximum care was taken as much as possible and 
main objective was to correlate and confirm the variations in colour to that of 
biotic and abiotic factors and conversely the damaging potential to the crop 
fields. The darker hoppers were observed voracious feeders, gregarious at high 
temperatures of 37°C to their rivals at 27°C in isolated conditions. It is also to 
107 
Coloration and Patterns 
be noted that individual people vary in the way in which they are able to 
appreciate colour and 8% of the population has defective vision. 
VARIATION IN PATTERN 
There were, broadly, two main components of the colour patterns of 
hoppers of Acrida exaltata and Choroedocus illustris. Some hoppers were of a 
fairly uniform colour, usually green, yellow or brown; in others there was, in 
addition, a pattern of a darker - coloured pigment which was more or less 
distinct from the remainder of the coloration. These two components of the 
colour patterns were termed as ground colour and the dark pattern. The 
differentiation between the two in respect of the colour of each was not always 
great; the dark pattern was recognized by careful examination, particularly in 
the 4'*' and 5* instars, even in the apparently uniformly green hoppers where it 
is only slightly different in colour from the surrounding areas. 
The ground colour in Acrida exaltata and Choroedocus illustris varies 
from green, yellow to brown, black or dark brown, respectively and is rarely 
homogenous over the whole the body surface. The dark pattern was simple, 
consisting of only one colour, or compound with two or more colours. At its 
maximum development, the dark pattern extends to every region of the 
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integument but at the other extreme, it is confined to a thin longitudinal line on 
the hind femora, a sub - ocular wedge on the genae or a series of small spots 
on the posterior margin of the abdominal tergites. The degree of development 
of the dark pattern was not necessarily the same over each of the body regions 
in any particular hopper. 
The coloration of the compound eyes show a range of variation from 
green to pale with clearly visible vertical stripes of a darker colour, to a very 
dark in which the vertical stripes were completely obscured 
METHODS OF MEASUREMENT 
Only hoppers with fiiUy hardened cuticle, and which were not evidently 
close to the moult, were used for colour measurements. The colour was 
recorded always from living hoppers, samples being collected from populations 
just before examination. All samples were studied under different ecological 
condition of temperature, crowding with Zea mays as food. A white 
background was used for the hoppers during the matching procedure in order to 
reduce as far as possible the contrast effects when measuring small areas of 
colour, a hand lens, visual and microscope was used for more accuracy, use of 
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microscope was exclusively for dots and streaks. Each instar was considered 
separately. Codes and names to the reference colour were noted down from,'A 
dictionary of colour, Maerz and Paul, London'. The colours were noted down 
for the dorsal and lateral sides based on the head, pronotum and eyes. The 
ground colours could not always be measured because of its obliteration by 
dark pattern. (Tables, 65 - 78), summarize the ranges of ground colour, streaks, 
dots of head and pronotum of each instar. 
The dark patterns of hoppers were indicative of high population density 
of shorter duration than those of light pattern hoppers. Samples of hoppers 
from low - density populations had the dark pattern either completely 
undeveloped or only slightly developed in some individuals. 
The use of coloured illustrations of hoppers in each instar is shown 
(Figs. 48 - 61). The illusfrations are based upon colour drawings of living 
hoppers made in the laboratory and have been chosen as representative of the 
range of colour types observed. 
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FACTORS AFFECTING HOPPER COLORATION 
Various factors affecting hopper coloration were morphological which, 
however, were not been well defined of the parent adults, the density of the 
parent adults prior to oviposition, the population densities of the hoppers, the 
degree of activity of the hoppers, air temperature and the degree of succulence 
of the vegetation in the habitat. 
Colour changes occur in hoppers when the volume densities either 
increase or decrease. During increase, the density fluctuation was accompanied 
by an increase of the frequency of contact between individuals through the 
formation of basking groups and decrease leads to decrease of contacts because 
of the cessation of this type of behaviour. 
It was also noted that the colour changes exhibited by the hoppers could 
be related to fluctuations of population density or of activity or of a 
combinations of both factors, providing an indication that the frequency of 
contact between the individuals was of greater importance than marching 
activity in bringing about change of colouration in the direction from the green 
to the brown in case of Acrida exaltata and from yellow to dark brown in 
Choroedocus illustris. 
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EFFECT OF TEMPERATURE ON HOPPER COLORATION 
The temperature plays one of the most significant roles in the hopper 
variations. During field visits during different months of years 2001, 2002, 
2003, 2004, it was observed that the high temperature of July, August and 
September, the hopper coloration was maximum with dark brown background 
in both the species. As the temperature falls, the colour variations descend 
towards the end of the year particularly in the December and January and were 
reversible with the on set of spring season. 
hi laboratory experiments, the hoppers that were provided with high 
temperature (37°C) showed dark coloration, occasional gregarisation, 
cannibalism and voracious feeding behaviour while the hoppers with 27°C 
were less active, slow feeders without appreciable changes in colour patterns. It 
was usual practice to feed the hoppers with the leaves of Zea mays twice daily 
EFFECT OF CROWDING ON HOPPER COLORATION 
Up to 50 individuals were taken in to the jars (15 x 20cms) for 
observing the effect of crowding on the body colour. Due to less space and 
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more individuals, the hoppers started feeding voraciously. Daily frequency of 
death increased and colour changed to dark brown from light brown in 
Choroedocus illustris and from green to brown banded in Acrida exaltata. 
In Choroedocus illustris, CHAMOIS, OLIVE DRAB, Bronze lusture^, 
Clove Brown etc were found dominant in the male adults under crowded 
conditions at 37°C while as at 27°C, the colours Butter cup. Elk Lama-, FLAX, 
Marathon etc were found more prominent when the insects were subjected to 
crowding and that of adult females Sudan, Rustic Brown, Bronze Brown at 
37°C and Lido, rodent, Brown stone, Brownsheen etc. at 27°C respectively. In 
case of Acrida exaltata, the colours POLAR BEAR, English Grey, Hemp etc. 
were found dominant at 37^C and Lido, OLIVE DRAB, Zuni Brown, Tortoise 
etc were more pronounced at 27°C in adult females, under crowded conditions, 
while that of males Italian Straw, Biskra Date - Brown Sugar etc. were 
dominant at 37°C and Bronze Clair, Zuni brown+ Olive Brown etc. were 
pronounced at 27°C. A detailed illustration is shown in the Tables (65 - 78; 
Figs. 48-61) . 
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Body parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± r C 
Isolated 
1112 
Malmaison 
12 E 5 
India Buff 
14 E 7 
Stag 
9 C 4 
Burnous 
14 E 7 
Stag 
18B5 
OCEAN GR. 
10H2 
Cockatoo 
10 D 3 
LEGHORN 
10F2 
STRAW 
10 F 3 
Nankeen 
Crowded 
n i l 
Chartreuse Y -
12 E 5 
India Buff 
14 E 7 
Stag 
9 A 5 
PEACH 
14 E 7 
Stag 
18 B 5 
OCEAN GR. 
10H2 
Cockatoo 
10D3 
LEGHORN 
10F2 
STRAW 
10 F 3 
Nankeen 
37± 1" C 
Isolated 
10 F 2 
STRAW 
12D6 
Honey - Suckle 
14 E 7 
Stag 
9 C 4 
Burnous 
14 E 7 
Stag 
18BS 
OCEAN GR. 
10H2 
Cockatoo 
10 D 3 
LEGHORN 
10 F 2 
STRAW 
10 F 3 
Nankeen 
Crowded 
10G3 
Comsilk 
12 D 6 
Honery - Suckle 
14 E 7 
Stag 
IOC 3 
Vanilla 
14 E 7 
Stag 
I8BS 
OCEAN GR. 
911 
Martius Y 
10 D 3 
LEGHORN 
10G2 
Colonial Buff+ 
10 F 3 
Nankeen 
Table: 65. Choroedocus illustris: 1** Instar: Colour Names and Codes as observed 
using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
<i 
1+ 
o 
O 
i Isolated 
Crowded 
1+ 
o 
n 
Lateral View Dorsal View 
Fig. 48. Choroedocus illustris - 1*' Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. and Paul , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± 1° C 
Isolated 
11C3 
Sheep Skin Moth 
15E4 
Beech 
16A11 
Elk Lama -
12 D 3 
CRASH 
16 A 10 
Bison 
21B2 
MERMAID 
11J2 
Pine apple + 
11A3 
BISQUE 
10J3 
Amber Y. 
8C10 
Moose 
Crowded 
11C3 
Sheep Skin Moth 
15E4 
Beech 
16A11 
Elk Lama -
12D3 
CRASH 
16A10 
Bison 
21B2 
MERMAID 
II J2 
Pine apple + 
8C12 
Bracken 
10J3 
Amber Y. 
8C 10 
Moose 
37± 1" C 
Isolated 
12 C 4 
Malacca 
15L4 
OLIVE GREEN 
16A11 
Elk Lama -
13E4 
Sudan 
16 A 10 
Bison 
21B2 
MERMAID 
lOCI 
Marguerite Y. 
11 A3 
Bisque 
10 B 2 
IVORY 
8L 10 
Nomad Brown -
Crowded 
I2C4 
Malacca 
15 L 4 
OLIVE GREEN 
16A11 
Elk Lama -
13E4 
Sudan 
16A10 
Bison 
21 B2 
MERMAID 
11 D2 
Italian Straw 
11 A3 
BISQUE 
10 B 2 
IVORY 
8L 10 
Nomad Brown -
Table: 66. Choroedocus illustris: 2nd Instar: Colour Names and Codes as 
observed using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
y 
. / 
1+ 
o 
o 
Isolated 
Crowded 
a 1+ 
o 
n 
Lateral View Dorsal View 
tnd Fig. 49. Choroedocus illustris - 2 Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Mae rz , A. and Paul , M.R. 1950. A Dic t ionary of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± r C 
Isolated 
12 E 2 
Sallow 
15C1 
Cub 
16 C 9 
Bronze Brown 
11 A4 
NUDE Seasan + 
16 C 9 
Bronze Brown 
20 B 5 
MythoGr 
14A4 
Ormond + 
10 B 3 
Caen Stone 
12A8 
Formosa 
12 B 4 
Long Beach + 
11 A8 
Muskntelon 
Crowded 
12 C 5 
Manila 
15 C I 
Cub 
16 C 9 
Bronze Brown 
11 A4 
NUDE Seasan + 
16 C 9 
Bronze Brown 
20 B 5 
Mytho Gr 
14A4 
C)rmond + 
10 B 3 
Caen Stone 
12A8 
Formosa 
12C4 
Malacca 
11 A8 
Muskmelon 
37± r C 
Isolated 
12 C 5 
Manila 
15 C I 
Cub 
16 C 9 
Bronze Brown 
12A7 
BLUSH 
16 C 9 
Bronze Brown 
20 8 5 
MythoGr 
14A6 
Buck- Skin 
10 B 3 
Caen Stone 
12 A 8 
Formosa 
12C4 
Malacca 
II A8 
Muskmelon 
Crowded 
l l C l 
Amber White 
15C1 
Cub 
I 6 C 9 
Bronze Brown 
12A7 
BLUSH 
16 C 9 
Bronze Brown 
20 B 5 
MythoGr 
I4A6 
Buck - Skin 
10B3 
Caen Stone 
11 A6 
Peach Bage 
12C4 
Malacca 
11 A8 
Muskmelon 
Table: 67. Choroedocus illmtris: 3rd Instar: Colour Names and Codes as 
observed using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
o 
o 
Isolated 
Crowded 
1+ 
o 
n 
Lateral View Dorsal View 
>rd Fig. 50. Choroedocus illustris - 3 Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Mae rz , A. and Pau l , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± 1" C 
Isolated 
111 2 
Malmaison 
15J5 
OLIVE DRAB 
16 A 10 
Bison -
14 C 9 
Stroller Tan 
16 E 12 
Bronze Lustre^ 
14 J 2 
Silver Fern 
14B3 
Twine Dune + 
12 B 4 
Long Beach + 
10A7 
SALMON 
10F2 
STRAW 
8 A 10 
SEPIA"" 
Crowded 
U J 4 
Mustard 
I 5 J 5 
OLIVE DRAB 
16A10 
Bison-
14 C 9 
Stroller Tan 
16E12 
Bronze Lustre^ 
14 J 2 
Silver Fern 
14 B 3 
Twine Dune + 
12B4 
Long Beach + 
10 A 7 
SALMON 
12C6 
Lariat 
8 A 10 
SEPIA"" 
37± r C 
Isolated 
11E5 
Raffia 
15L5 
Ronun Green 
16A10 
Bison-
15C10 
Madrid Saddle + 
16E12 
Bronze Lustre^ 
14 L 2 
OLD MOSS 
14 B 3 
Twine Dune + 
10 B 2 
IVORY 
8 A 9 
Hudson Seal 
10F2 
STRAW 
8 A 10 
SEPIA"" 
Crowded 
11 E5 
Raffia 
15L5 
Roman Green 
16A10 
Bison-
15 CIO 
Madrid Saddle + 
16E12 
Bronze Lustre^ 
14 L 2 
OLD MOSS 
14 B 3 
Twine Dune + 
IOC 3 
Vanilla 
8 A 9 
Hudson Seal 
11 E5 
Raffia 
15C2 
English Grey 
Table: 68. Choroedocus illustris: 4th Instar: Colour Names and Codes as 
observed using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
Isolated 
Crowded 
1+ 
o 
n 
1+ 
o 
o 
Lateral View Dorsal View 
Fig. 51. Choroedocus illustris - 4*'' Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. and Paul , M R . 1950. A Dic t ionary of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± 1" C 
Isolated 
15 E 7 
ACORN 
) 5 L 6 
MetallicGreen^ 
16H12 
Bronzesheen 
8H10 
CHOCOLATE 
8C12 
Bracken 
14 LI 
Palm Leaf 
15L7 
Willow + 
11E5 
Raffia 
11 A7 
Onionskin Pink + 
12 C 6 
Lariat 
13A7 
SUNBURN 
Crowded 
15H7 
Olive Brown 
15L6 
MetallicGreen^ 
16H12 
Bronzesheen 
8 CIO 
Moose 
8C12 
Bracken 
14 L 1 
Palm Leaf 
I5L 10 
Whippet 
I1E5 
Raffia 
11 A7 
Onionskin Pink + 
12C6 
Lariat 
13A7 
SUNBURN 
37± 1" C 
Isolated 
15H7 
Olive Brown 
15L6 
MetallicGreen^ 
16H12 
Bronzesheen 
8J11 
Montella 
8C12 
Bracken 
15C2 
English Grey 
15 L 10 
Whippet 
11E5 
Raffia 
10 B 6 
Sugar cane 
1212 
Hay 
I3A7 
SUNBURN 
Crowded 
15H7 
Olive Brown 
15L4 
OLIVE GREEN 
16H12 
Bronzesheen 
8 L 8 
Brazil Brown 
8C12 
Bracken 
14L 1 
Palm Leaf 
15CI1 
COCA BROWN 
11 B2 
Seed Pearl 
10B6 
Sugar cane 
1212 
Hay 
15L10 
Whippet 
Table: 69. -th Choroedocm illustris: 5'" Instar: Colour Names and Codes 
observed using Color Dictionary by Maerz & Paul, London. 
as 
Isolated 
Crowded 
y 1+ 
o 
n 
Isolated 
Crowded 
V 1+ 
o 
o 
Lateral View Dorsal View 
rth Fig. 52. Choroedocus illustris - 5 Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. and Pau l , M.R. 1950. A Dic t iona ry of Co lo r . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
CONDITIONS 
27± r C 
Isolated 
11 J4 
Mustard 
15C2 
English Grey 
16A12 
Biskra Date -
16 A 10 
Bison-
21 F 3 
Silver Gr 
16C9 
Bronze Brown 
12 B 2 
FLAX 
11 B7 
Toltec 
I2C6 
Lariat 
11H12 
Marathon 
Crowded 
11 J5 
Butter Cup 
15 J 5 
OLIVE DRAB 
16 A 12 
Biskra Date -
16A11 
Elk Lama -
21 F 3 
Silver Gr 
16C9 
Bronze Brown 
12 B 2 
FLAX 
11 B7 
Toltec 
12C4 
Malacca 
U H 1 2 
Marathon 
37± r C 
Isolated 
1115 
CHAMOIS 
15J5 
OLIVE DRAB 
16 A 12 
Biskra Date -
16 A 12 
Biskra Date -
22 CI 
Dusty Gr. 
16C9 
Bronze Brown 
1 1 0 2 
Italian Straw 
16A7 
Clove Brown 
I3E6 
Arizona 
14L12 
Sudan Br 
Crowded 
11 15 
CHAMOIS 
15J5 
OLIVE DRAB 
16A12 
Biskra Date -
16E12 
Bronze Lustre^  
22 G 1 
VitiverGr. 
16 A 7 
Clove Brown 
11B4 
Mirage + 
16A7 
Clove Brovm 
I3C6 
Polo Tan 
14 CIO 
Coconut Br. 
Table: 70. Choroedocus illustris: Adult Male: Colour Names and Codes as 
observed using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
o 
n 
Isolated 
Crowded 
V -J 1+ 
*^ 
O 
n 
Lateral View Dorsal View 
Fig. 53. Choroedocus illustris - Adult Male (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz, A. and Paul, M.R. 1950. A Dictionary of Color. 
Body Parts CONDITIONS 
27± r C 
Isolated Crowded 
37± r C 
Isolated Crowded 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Dots 
Pronotum 
Background 
Dots 
13C3 
Lido 
16 C 3 
Rodent 
7 A 12 
Argus Brown 
14 J 2 
Silver Fern 
16A9 
Owl 
5 B 7 
Cobweb 
15A11 
Coffee 
15H7 
Olive Brown 
16H12 
Bronzesheen 
13C3 
Lido 
16 C 3 
Rodent 
7 CIO 
Brown Stone + 
14A4 
C)rmond + 
16A7 
Clove Brown 
7 A 8 
ROSE GREY 
15A11 
Coflee 
15J5 
OLIVE DRAB 
16 H 12 
Bron2esheen 
13D2 
Bronze Clair 
16E5 
Sagebrush Gr. 
7C 11 
Zuni Brown + 
14 B 2 
Sirocco + 
16A7 
Clove Brown 
16C9 
Bronze brown 
15C11 
COCOA BROWN+ 
15J5 
OLIVE DRAB 
15C11 
COCOA BROWN 
13A4 
Sudan 
16E5 
Sagebrush Gr. 
7H 11 
Rustic Brovm 
I4A4 
Ormond 
16C9 
Bronze Brown 
16 C 9 
Bronze brown 
16 C 5 
Rat 
15J5 
Nomad Brown 
15C11 
COCOA BROWN 
Table: 71. Choroedocus illustris: Adult Female: Colour Names and Codes as 
observed using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
Isolated 
Crowded 
Lateral View Dorsal View 
Fig. 54. Choroedocus iUustris — Adult Female (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Rrf: Maerz, A. and Paul, M.R. 1950. A Dictionary oi Color. 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± r C 
Isolated 
18B5 
OCEAN GR 
13K12 
Amber Br 
1716 
Viridine Gr 
18F3 
Glass Gr 
19K2 
Citron Gr 
17 C 2. 
Sea - foam Y. 
18B5 
OCEAN GR 
17C2 
Sea - foam Y. 
Crowded 
18E6 
Tiber Gr. 
13K12 
Amber Br 
1716 
Viridine Gr 
18F3 
Glass Gr 
19K2 
Citron Gr 
17C2. 
Sea-foam Y. 
20 B 5 
MythoGr 
I 7 C 2 
Sea - foam Y. 
37± 1° C 
Isolated 
18B7 
AQUA GREEN 
13K12 
Amber Br 
1716 
Viridine Gr 
18F3 
Glass Gr 
19B3 
Glaucous 
19A2 
Oyster Gy. 
18B5 
OCEAN GR 
l l C l 
Amber White 
Crowded 
1815 
SkyGr 
13K12 
Amber Br 
1717 
Rivage Gr 
12E2 
Sallow 
18F3 
Glass Gr 
21 B 1 
Grey Drab 
I 8 B 5 
OCEAN GR 
18C6 
Olivine 
Table: 72. Acrida exaltata: V* Instar: Colour Names and Codes as observed using 
Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded /i 
1+ 
o 
n 
Isolated 
Crowded 
1+ 
Lateral View Dorsal View 
Fig. 55. Acrida exaltata - 1"* Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. a n d Pau l , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± 1" C 37± 1" C 
Isolated 
18F3 
Glass Gr 
18B7 
AQUA GREEN 
l g B 9 
Paris Gr. 
I 3 C 2 
Lint 
13E4 
Sudan 
18D2 
Sea - foam Gr. 
20 A 7 
Fairy Or 
I 8 D 2 
Sea - foan Gr 
I 9 L 5 
Cosse Gr. 
39 A 3 
Dover Grey 
Crowded 
18F3 
Glass Gr 
18B7 
AQUA GREEN 
22K.6 
Cress Gr + 
13E4 
Sudan 
18D2 
Sea-foam Gr. 
18F3 
Glass Gr 
19B5 
NILE GR 
18E6 
Tiber Gr 
36 A 3 
Gull Gy 
Isolated 
1716 
Viridine Gr 
18B7 
AQUA GREEN 
18B9 
Paris Gr. 
13K3 
Olivesheen 
13C2 
Lint 
17 17 
Rivage Gr 
14A6 
Buckskin 
I 8 J 7 
SPRING GR 
14C4 
Travertine 
Crowded 
9 B 2 
POLAR BEAR 
18B7 
AQUA GREEN 
18B9 
Paris Gr. 
13K3 
Olivesheen 
18D2 
Sea - foam Gr. 
1717 
Rivage Gr 
19A6 
Seacrest 
I 8 J 7 
SPRING GR 
18C6 
Olivine 
Table. 73. Acrida exaltata: 2nd Instar: Colour Names and Codes as observed using 
Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
y 1+ 
o 
n 
Isolated 
Crowded 
o 
n 
Lateral View Dorsal View 
md Fig. 56. Acrida exaltata - 2 Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. and Pau l , M.R. 1950. A D ic t i ona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± 1° C 
Isolated 
1717 
Rivage Gr 
13A4 
GRAVEL 
4 B g 
Tauquet 
22 K6 
Cress Gr + 
13A4 
GRAVEL 
18E6 
Tiber Gr. 
18B7 
AQUA GREEN 
13A4 
GRAVEL 
17G8 
Arcad Can Gr. 
14 C 4 
Travertine 
Crowded 
1717 
Rivage Gr 
13A2 
Grey Stone 
5H 10 
Rosewood 
| g L 8 
EveGr 
13 A4 
GRAVEL 
20 K l 
Russet Gr 
18B7 
AQUA GREEN 
13A4 
GRAVEL 
18L8 
Eve Gr. 
14C4 
Travertine 
37± V C 
Isolated 
17C2 
Sea - foam Y 
13A2 
Grey Stone 
5 H 1 0 
Rosewood 
18L8 
EveGr 
12A5 
PEARL BLUSH 
20K.1 
Russet Gr 
18B7 
AQUA GREEN 
12 C 4 
Malacca 
20 A 7 
Fairy Gr. 
14 E 7 
Stag 
Crowded 
17A6 
Opaline Gr 
30 C 2 
Storm Grey 
5H10 
Rosewood 
19 D 9 
Fluorite Gr. 
I 2 A 5 
PEARL BLUSH 
18E6 
Tiber Gr. 
18B7 
AQUA GREEN 
lOCl 
Marguerite 
20 A 7 
Fairy Gr. 
11 D2 
Italian Strain 
Table: 74, Acrida exaltata: S""" Instar: Colour Names and Codes as observed using 
Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
Isolated 
Crowded 
s» 
1+ 
n 
Lateral View Dorsal View 
Fig. 57. Acrida exaltata - y^ Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Maerz , A. and Pau l , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± r c 
Isolated 
18E6 
Tiber Gr. 
12B4 
Long Beach + 
15H7 
Olive Brown 
21F5 
FemGr 
12B4 
Long Beach + 
14 H 4 
Hemp 
18B7 
AQUA GREEN 
11E5 
Raf!ia 
19H5 
Lily Gr 
12F12 
Sunstone 
Crowded 
19G5 
Turtle Gr 
13A4 
GRAVEL 
15 H 7 
Olive Brown 
12 D 7 
BRAN 
16C9 
Bronze Brown 
14H4 
Hemp 
1717 
Rivage Gr. 
11E5 
Rafiia 
18B9 
Paris Green 
11 E5 
Rafiia 
37± r C 
Isolated 
14B2 
Sirocco + 
13 A5 
Naugeat Burlwood + 
16H12 
Bronzesheen 
21F3 
Silver Gr 
I4A9 
Pecan Br. 
19C2 
Water Gr 
1717 
Rivage Gr. 
9 C 4 
Burnous 
11C3 
Sheepskin Moth + 
9 C 4 
Burnous 
Crowded 
14B2 
Sirocco+ 
13 A5 
Naugeat Burlwood + 
16H12 
Bronzesheen 
21 B7 
TARRAGON 
16C9 
Bronze Brown 
21 B 1 
Quaker Gy 
22 J 5 
LeekGr 
1915 
Kildare Gr. 
18E6 
Tiber Gr. 
18A5 
Oural Gr 
Table: 75. Acrida exaltata: 4"" Instar: Colour Names and Codes as observed using 
Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
o 
o 
Isolated 
Crowded 
1+ 
Lateral View Dorsal View 
Fig. 58. Acrida exaltata - 4"' Instar (Dorsal & Lateral View -Head and Prothorax) 
Colour spectra shown under different experimental conditions at high temperature & 
low temperature 
Ref: Maerz , A. and Pau l , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± r C 
Isolated 
1716 
Viridine Gr. 
12 E 2 
Sallow 
15A7 
Pony Brown -
20 L 9 
Eden Gr 
12D7 
BRAN 
21 B 1 
Quaker Gy 
1716 
Viridine Gr. 
12 D 3 
CRASH 
19 K 3 
Chrysolite Gr. 
13K3 
Olivesheen 
Crowded 
1716 
Viridine Gr. 
12E2 
Sallow 
15A7 
Pony Brown -
20 L 9 
Eden Gr 
16A9 
Owl 
I4H4 
Hemp 
17A10 
Chiysoprasi.Gr. 
12 D 3 
CRASH 
10H2 
Cockatto -
14G 10 
Wigwam + 
37± r C 
Isolated 
1717 
Rivage Gr. 
15A5 
Log Cabin + 
16C9 
Bronze Brown 
14 C 5 
Sponge + 
ISC 11 
COCOA BROWN + 
14 C 5 
Sponge + 
18A5 
Oural Gr. 
11 J 8 
Saratoga 
15E4 
Beech 
I4G 10 
Wigwam + 
Crowded 
20 J 3 
Shadow Green 
15A5 
Log Cabin + 
I6L7 
Bronze Green + 
14 C 9 
Stroller Tan 
15C II 
COCOA BROWN + 
21 B 1 
Quaker Gy 
I8D2 
Sea - foam Gr. 
11 1 1 
Chartreuse Y -
15J5 
OLIVE DRAB 
48 A 4 
Slag 
Table: 76. Acrida exaltata: 5"" Instar: Colour Names and Codes as observed using 
Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
Isolated 
Crowded 
1+ 
o 
n 
Lateral View Dorsal View 
Fig. 59. Acrida exaltata - S"" Instar (Dorsal & Lateral View -Head and 
Prothorax) Colour spectra shown under different experimental conditions at high 
temperature & low temperature 
Ref: Mae rz , A. and P a u l , M.R. 1950. A Dic t iona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± 1" C 
Isolated 
1716 
Viridine Gr. 
11 12 
Malmaison 
16A12 
Biskra Date-
21 J6 
Mignon Gr. 
1212 
Hay 
16C9 
Bronze Brown 
19 B 4 
Corydalis Gr. 
16 H 12 
Bronzesheen 
1717 
Rivage Gr 
14K5 
OLD GOLD 
Crowded 
13D2 
Bronze Clair 
15L11 
Buffilo 
16 A 12 
Biskra Date-
11 E4 
MAPLE 
8C 12 
Bracken 
7C11 
Zuni Brown + 
19C2 
Water Gr 
16 E 12 
Bronze lustre ^ 
15H7 
Olive Brown 
14 D 7 
Adobe 
37± r C 
Isolated 
13D2 
Bronze Clair 
15L11 
Bu£blo 
16A12 
Biskra Date-
9 D 2 
CREAM 
8H 11 
Congo + 
7C11 
Zuni Brown + 
12H9 
Harvest 
16E12 
Bronze lustre ^ 
14H4 
Hemp 
15H8 
Rubber + 
Crowded 
11 D2 
Italian Straw 
16C9 
Bronze Brown 
16 A 12 
Biskra Date-
11 J2 
Pineapple + 
8 A 9 
Hudson Seal 
16 A 12 
Biskra Date -
12E2 
Sallow 
15H 11 
Brown Sugar 
13J7 
IChaki 
16A12 
Biskra Date -
Table: 77. Acrida exaltata: Adult Male: Colour Names and Codes as observed 
using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
> -J 
1+ 
O 
o 
Isolated 
Crowded 
1+ 
o 
n 
Lateral View Dorsal View 
Fig. 60. Acrida exaltata -Male (Dorsal & Lateral View -Head and Prothorax) 
Colour spectra shown under different experimental conditions at high temperature 
& low temperature 
Ref: Mae rz , A. and P a u l , M.R. 1950. A D ic t i ona ry of Color . 
Body Parts 
Dorsal View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
Eyes (Lateral) 
Background 
Streaks 
Lateral View 
Head 
Background 
Streaks 
Dots 
Pronotum 
Background 
Streaks 
Dots 
CONDITIONS 
27± V C 
Isolated 
18B9 
Paris Green 
I1E4 
MAPLE 
19 G 5 
Turtle Gr 
11 E4 
MAPLE 
16 C 9 
Bronze Brown 
15L4 
OLIVE GREEN 
15A6 
Beaver 
15H8 
Rubber + 
I6C9 
BronzeBrown 
Crowded 
13C3 
Lido 
15J5 
OLIVE DRAB 
10 F 3 
Nankeen 
8E 10 
SEAL 
7C 11 
Zuni Brown 
19B4 
Corydalis Gr. 
15L12 
Partridge 
14 L 12 
Sudan Br 
14C 12 
Tortoise 
37± 1" C 
Isolated 
10J3 
Amber Y. 
15J5 
OLIVE DRAB 
9 D 2 
CREAM 
8H 11 
Congo + 
7C 11 
Zuni Brown 
14B5 
DRAB 
15L12 
Partridge 
MET 
Stag 
14C 12 
Tortoise 
Crowded 
9 B 2 
POLAR BEAR 
15C2 
English Grey 
9K.4 
JASMINE 
8A10 
SEPIA'' 
16A4 
ROSE TAUPE 
14 H 4 
Hemp 
16 C9 
Bronze Brown 
15A5 
Log Cabin + 
16C9 
Bronze Brown 
Table: 78. Acrida exaltata: Adult Female: Colour Names and Codes as observed 
using Color Dictionary by Maerz & Paul, London. 
Isolated 
Crowded 
1+ 
o 
n 
Isolated 
Crowded 
> - 4 - 4 1+ 
o 
o 
Lateral View Dorsal View 
Fig. 61. Acrida exaltata -Female (Dorsal & Lateral View -Head and Prothorax) 
Colour spectra shown under different experimental conditions at high temperature & 
low temperature 
Ref: Mae rz , A. and Pau l , M.R. 1950. A Dic t iona ry of Color . 
sstMprm-¥i! 
mBmBBms^ 
Discussion 
The adults of Choroedocus illustris inhabits long grasses, dense bush 
and cultivated ground, migrate into cotton, sugarcane, rice, maize or vegetable 
crops for feeding purposes but return to grasses for shelter and egg - laying. It 
is a pest of forest plantations. Recently it has assumed a status of being a 
serious pest of bamboo in Aligarh. Hussainy (1951) reported it as a damaging 
sugar pest at Coimbatore (S.India). A confusion regarding univoltine life cycle 
has definitely been removed, as it is multivohine in laboratory, might be single 
generation in nature due to ewironmental conditions incompletely recorded by 
Tinkham (1940). Sporadic changing ethology during outbreaks with special 
reference to nutritional ecology regarding crops under attack has been of great 
interest in Acridology. 
The adults of Acrida exaltata inhabit grasslands but at times become 
serious pest of cotton in north India. They remain solitary but sometimes 
become gregarious and able to make swarmlets (Rizvi, 1985). Tinkham 
(1935b) and Hafez and Ibrahim (1958) have recorded its limited range of food 
plants. The present observations show that it has considerable large range of 
food plants. 
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Very little was known about these two species of great economic and 
agricultural importance and the present observations will complete the 
biological information about them to make an eco-ethological profile needed. 
The details of the colour patterns have been examined in a very large 
number of hoppers so that the greater parts of the range and the form that the 
variation of coloration takes have been described. Three components of the 
colour patterns studied have been selected as being of greater importance 
principally because they are more easily measured. The treatment of the data 
has been as simple as possible but the results are considered to be promising 
because, within the range of material studied, the differences between the 
samples in respect of these three characters have shown a consistent association 
with differences of population histories. Similar observations were studied by 
Stower (1959) in the hoppers of desert locusts. The present work suggests that 
the association between hopper coloration and population may be close, 
although some authors (Gunn & Hunter - Jones, 1952), while studying Desert 
locusts, believe that precision in the biology might be illusionary. Pasquier 
(1952) emphasised that the colour, morphology and behaviour may not vary 
synchronously while studying phase differentiation and theory in Desert 
locusts. It was noted that the behaviour changes might occur much more 
rapidly than morphological changes. Rizvi (1985) suspected colour patterns 
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exhibited by Choroedocus illustris and Acrida exaltata and suggested that the 
characters are on the same pattern as in established locust species and termed it 
as 'Locust in making'. The author do not agree with Goodwin (1952) that the 
darkening of colors increases at low temperatures as compared to higher 
temperatures where colours are reduced. This is not true in these two 
occasionally gregarious acridids where darkening increased with increase in 
temperatures. 
The act of copulation in these two species has been preceded by 
elaborate courtship which is of immense interest with reference to the time of 
copulation lasting about 311.00+45.46 minutes in Choroedocus illustris and 
179.40+14.60 minutes in Acrida exaltata. The data is variable which can be 
attributed to the number of attempts successfiil and low temperature of the 
night. Similar observations have been recorded by Srivastava (1957) in 
Atractomorpha crenulata; Gregory (1961) in Locusta migratoria 
migratorioides; Hafez and Ibrahim (1958) in Acrida pellucida and Basit (1990) 
in Gastrimargus africanus and Oedaleus abruptus. 
The mechanism involved in oviposition was found to be a typical 
acridian pattern such as digging, making false holes and showing selection 
preferences to soil texture. The average egg-laying process was 210.50117.05 
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minutes while minimum was 130 minutes and maximum was 295 minutes in 
Choroedocus illustris and average egg-laying time for Acrida exaltata was 
188.70+10.50 minutes while the minimum was 135 minutes and maximum was 
256 minutes. The time of egg-laying was also variable during rainfall. Similar 
observations by Iqbal and Aziz (1974), Basit (1990) in Eyprepocnemis alacris 
and Oedaleus abruptus, respectively are in agreement with the present author. 
The size of the egg-pod is mainly determined by the number of eggs per 
female. In Choroedocus illustris the average number of egg-pods per female 
was found to be 5.30± 0.218 (Isolated condition) and 4.40+ 0.244 (Crowded 
condition) and the size of egg-pods laid earlier was longer than laid later. In 
Acrida exaltata, the average number of egg-pods per female was 
4.90±0.481 (Isolated condition) and 3.50± 0.453 (Crowded condition). The 
observations clearly reveal that the number of egg-pods and with their size can 
provide the total number of eggs expected by the species. Observations made 
by Majeed (1978) in G. transversus and by Basit (1990) in Oedaleus abruptus 
and G. africanus are on the same contention and agreement. 
The present observations reveal that the isolated and crowded conditions 
affect the average fecundity of female of Choroedocus illustris and Acrida 
exaltata. Similar observations have been made by Norris (1950, 1952) in 
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Locusta and in Schistocerca, Albrecht (1959) in Nomadacris and Basil (1990) 
in G. africanus and Oedaleus abruptus. The behaviour can be attributed to a 
polymorphic behavioural pattern and appear to be significant in such species 
which are said to be occasionally gregarious. 
Average number of eggs per egg-pod was found to be 64.80±2.65 in 
Choroedocus illmtris and 31.30+2.20 in Acrida exaltata under isolated 
condition. Khan (1974) recorded similar observations in Oedaleus abruptus 
while Basit (1990) recorded more eggs in an egg-pod in the same species. 
Majeed (1978) recorded a range of eggs per pod without mentioning reason. 
Variation in size of egg-pods obviously can be attributed to the number of eggs 
per pod and the variations were recorded in Choroedocus illmtris and Acrida 
exaltata also. Norris (1950) and Ewer (1977) have recorded gradual decrease in 
size of the egg-pods, if laid many times by a single female in Schistocerca 
gregaria and Locusta migratoria respectively and these observations are in 
agreement with the present author in Choroedocus illmtris and Acrida exaltata 
fundamentally. 
The incubation period and hatching time in acridoids in general are 
recorded by Bemays (1971b) for Schistocerca are of great significance. The 
temperature, moisture and food have been reported to play an important role in 
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successful hatching. Number of observations made by Basit (1990) and by the 
present author in acridoids shows similar phenomenon and going accordingly. 
Attempts made by Ackonor (1988) regarding effects of soil moisture 
and temperature on hatchling and survival in Locusta migratoria 
migratorioides is of significance and Amatobi (1996) on egg development and 
nymphal emergence of Kraiissaria angulifera in relation to rainfall has been 
supportive to the ecological behaviour shown by these two species, 
Choroedocus illnstris and Acrida exaltata under study with the same ecological 
niches. This finding made by Gapparov and Latchinisky (2000) regarding 
consequence of ecosystem on acridid diversity and abundance also support 
fiilly the present findings. 
Diapause does not occur at any stage of the life cycles of Choroedocus 
illustris and Acrida exaltata. It is possible to obtain 4-5 generations in a year in 
laboratory as well as in the field conditions. The egg diapause has been 
recorded in Gastrimargus africanus by Golding (1948) but species like 
Oedaleus abruptus and Gastrimargus africanus found with Choroedocus 
illustris and Acrida exaltata have not shown any diapause phenomenon (Basit, 
1990) and the observations on diapause of Locusta migratoria cinerascens 
suggest that the photoperiod may cause diapause in non-diapausing species but 
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it has not been observed in present species under study. Similar observations 
were made by Basit (1990) in Oedalens abruptus and Gastrimargus africanus. 
The present author could not find diapause at any stage of life cycle with a long 
dry season in Aligarh in case of these two species. This observation may 
suggest that the causes of diapause be initiated with multiple combinations of 
ecological gadgets. 
The development of hoppers is of great interest and many acridologists 
have reported variations in the number of hopper instars fi"om 4-6 in males and 
5-7 in females. In Choroedocus illnstris and Acrida exaltata there is slight 
variations in hopper instar numbers such as 5 in males and 7 in females and 6 
in males and 8 in females, respectively under natural conditions but under 
laboratory conditions there is no such variation, only Sinstars in both the sexes 
have been observed, but on an average and mostly in both cases the life cycle 
consists of nymphal instars. 
Basit (1990) has reported similar biological profile of nymphal instars in 
G. africanus and O. abruptus, the species found in the same pattern of niches 
with the species under study. The number of hopper instars and their variations 
between species has been attributed to the food of grasshopper but present 
author does not agree to it as the present two species have not shown any 
120 
Discussion 
impact of quality and quantity of food on nymphal instars but do effect the 
nymphal duration in Choroedocus illnstris and Acrida exaltata. Recently Rizvi 
et al. (2003) have reported nymphal duration under crowded and isolated 
conditions in Acrida exaltata. Earlier similar behaviour was reported by Rizvi 
et al., (1975) in Hieroglyphus nigrorepletus. It means that many factors may 
affect nymphal duration and instar numbers instead of food alone. 
Roonwal's (1952b) statement that most species pass through 5- instars 
are available for tropical species. All contentions regarding nymphal instars 
carmot be accepted till 2002 but in 2003, the field and laboratory experience of 
20 years (Rizvi, 1985) suggests that the number of nymphal instars in acridoids 
may be attributed to the combination of abiotic and biotic environments as well 
as pressure by the biological control agents from time to time. The present 
author agrees with Basit (1990) reporting that the trends towards reduction in 
number of instars in acridids may be attached to the size of the species. 
A variation in colour and its pattern has also been recorded from instar 
to instar up to an adult stage. Observations made by Hunter-Jones and Ward 
(1959), Rowell (1970), Richard & Waloff (1954), Basit (1990) in 
Gastrimargus africanus, in various British grasshoppers and Oedaleus 
abruptus respectively are of immense value in acridid ethology. Rowell (1970) 
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suggested that the environment determines the coloration in Gastrimargiis 
africaniis. Rizvi (1985) had created a concept of chromoecology as a visual 
gadget in phase polymorphism in acridoids. The present author has confirmed 
the concept through experiments on Choroedocus illustris and Acrida exaltata 
and other's findings Badruddin et al., (2003) and Khan et al., (2003) have also 
supported the Rizvi's concept and such chromatic changes are presented as 
bioindicators of the environmental and biological (crowding) changes. Some 
useful observations made by Guerruci and Viosin (1988) on the influence of 
environmental factors on the colour morphs, by Sobolev (1990) on the cryptic 
behaviour of locusts, by Garlinge et al., (1991) on sex-related morphs 
frequencies in Acrida conica, by Islam et al., (1994) on parental effects on the 
colouration, by Suresh and Muralirangan (1995) a colour morphs oi Acrida 
exaltata in the agroecosystem of Tamil Nadu, by Briddle et al, (2001) 
speciation in grasshoppers with colour pattern and by Schmidt and Albutz 
(2002) on sex-linked coloration in desert locust have contributed in 
establishing a new aspect of acridid ethology based on chromatic changes 
under certain influences and simultaneously may be used as bioindicators 
accordingly. 
Dyar's law (1890) has been successfully applied to hopper instars of 
Choroedocus illustris and Acrida exaltata as applied by Basit (1990) in G. 
ni 
Discussion 
africanus and O. abruptus. However no other reference on Dyar's law in 
acridoids is available. Majeed (1978) has applied the law in G. transversus but 
the number of observations are not convincing. 
The eggs of Choroedocus illustris and Acrida exaltata are laid in moist 
soil and hatching was influenced by temperature and humidity gradients. 
Incubation period was reduced with the lowering of temperature and humidity 
and vice-versa. Viability of eggs, successful percentage of hatching and 
survivability was found directly proportional to the optimum temperature, 
relative humidity gradient accordingly. 
Grewal and Atwal (1968) in Chrotogonus trachypterns, Iqbal and Aziz 
(1973) in Spathosternum prasiniferum, Basit (1990) in G. africanus and 
Phlaeoba infumata have reported similar observations accordingly with 
reference to envirormiental factors. A convincing contention made by 
Montealegre et al., (1998) is in agreement with the present author. 
Temperature and relative humidity have been found affecting the hopper 
duration and developmental index as recorded by the present author in 
Choroedocus illustris and Acrida exaltata. Basit (1990) has concluded with the 
same contention and results while working on O. abruptus and G. africanus. 
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Similar attribute has been observed by Pradhan and Peswani (1961) in 
Hieroglyphus nigrorepletus, Parihar (1971) in Poekilocerns pictus, Iqbal & 
Aziz (1973) in Spathostenum prasiniferum. Basit (1990) has reported that 37°C 
was also favourable for the development of hoppers of G. africanns and O. 
abruptus and the present author find similar reaction in Choroedocus illnstris 
and Acrida exaltata. 
Thus on the basis of the present observations, it may conveniently be 
suggested that increase in the developmental indices at the increasing 
temperature and relative humidity is due to rapid consumption of more food 
material. 
The life cycles of Choroedocus illustris and Acrida exaltata are quite 
similar in biological profile except insignificant delay of moulting behaviour in 
Acrida exaltata as compared to Choroedocus illustris. Both species have two 
complete generations in a year and one is overlapping. The first hatching 
determines the continuance in the development of various stages and the rate of 
development. Those acridids, which are found in temperate climate with cold 
winters as found in Aligarh, may be considered as diapause inclined species. 
Variations in periods and time may be attributed to abiotic regimes experienced 
by all stages of life cycle. Similar observations by Descamps (1953); Katiyar 
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(1960); Chapman (1961b); Uvarov (1966); Rizvi (1985); Lecoq (1991); Marta 
Cigliano (2000) are in agreement with the present author in contention and 
observations as well. 
Seasonal variations in the field population of Choroedociis illustris and 
Acrida exaltata in different months of the year 2001, 2002, 2003 and 2004 
have been recorded by the present author. On similar pattern, the observations 
on European grasshoppers, Italian locusts, red locusts and desert locust have 
been recorded by Lensink (1963), Adamovic (1959), Richards & Waloff 
(1954), Uvarov (1966) accordingly. 
Adults of these two species are well adapted to all existing ecological 
changes and were recorded even in December & January but without 
reproductive activity. 
The population studies of Choroedocus illustris and Acrida exaltata 
with reference to seasonal variations are based on numerical counting of all 
stages through random catches and their small-scale movements. Seasonal 
variations in north India are of special importance because of open Savanna in 
Aligarh. The present observations are on the similar pattern used excellently by 
Richards and Waloff (1954) in British grasshopper. It is imperative to have 
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preferential values of food of habitat as an important factor so much so that the 
variations in sex populations are also exhibited. The present author agrees with 
Richards and Waloff (1954) with reference to all parameters used in the study 
of population dynamics of these two acridids. However, it was not very 
convincing that predators play a significant role in population fluctuations. 
The distribution of acridoids under study may be correlated with the 
food plants of the area where populations were maintained. Similar correlation 
has been established by Anderson & Wright (1952); and Iqbal & Aziz (1975). 
Early stages of Choroedocus illnsths and Acrida exaltata prefers weeds and 
grasses and invade crop field while entering into advance stages of life cycle, 
may be attributed to different type of nutritional preference in food plants. This 
has got support fi-om Basit (1990) who has concluded with the same contention 
in G. africaniis and O. abruptus. 
Food preferences shown by the acridid under study and projectile is in 
agreement with Basit (1990) while working on Gastrimargm africanus and 
Oedaleus abruptus and the basis involved agrees with Livingstone and 
Pugalenthi (1992) working on nutritional ecology. 
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The developmental processes were found to b affected by relative 
humidity as well recorded in the present species and found similar in effect as 
recorded by Basit (1990) in Gastrimargns africanus and Oedalens abruptus. 
The most important aspects of the present studies have been 
morphometry in relation to suspected gregariousness and chromoecology as 
bioindicator of the environmental as well as behavioural changes. All 
morphometrical parameters involved in locust phases have enhance to 16 
indices and body parts ratios, thus, analysed have been amazingly found 
significant confirming that the occasional gregarious behaviour of these two 
species recorded by Rizvi (1985) is confirmed and supported by chromatic 
changes as shown by locusts explained excellently by Stower (1959) and also 
some experiments during morphometries and chromo-ethology, without any 
skeptical contention, proves that the two species, though, occasionally 
gregarious, but definitely inclined towards ' locust in making' 
The fundamental observations made by Tatsute et al., (2000), Schmidt 
(2001), Rehman et al., (2002) and Colombo (2003) while working on 
polymorphism in acridid with reference to morphometries has been found fully 
justified and in agreement with the present author. 
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Chromoecology in experimental way was studied and thus found very 
significant by present author and is fully in agreement with Sword & Simpson 
(2000), Colvin & Cooter (1995), Guerrucci & Voisin (1988), Eterovick et ai, 
(1997), Islam (1998), Konno (1998), Sobolev (1990), Stebaev (1986), 
Badruddin et ai, (2003) and Khan et al, (2003) while experimentally working 
on colours as bioindicators and polychromatic behaviour. 
Occasional gregarization and discontinuous aggregation in Choroedocus 
illmtris and Acrida exaltata are of great biological significance. Similar 
excellent observations have been made by Joyce (1952b), Ghouri & Ahmad 
(1960), Basit (1990) in G. africanm and O. abruptus respectively. The 
differences in size, colours in gregarious and solitary individuals suggest that 
the species under study have the tendency of unstable gregariousness and may 
become 'locust in making' 
Therefore, present studies though not in totality, may be suggestive that 
Choroedocus illustris and Acrida exaltata have a tendency of gregariousness 
and phase formation ability and comparable to non-gregarious phase and 
formation of swarmlet requires more extension in its ethological profile with 
reference to ecological-cum-behavioural- cum-morphometrical studies on the 
same locust pattern and certainly will complete the information accordingly 
asked for. 
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Adults of Choroedocm illustris are commonly found in long grasslands 
and are chiefly graminivorous and distinguished from its large size and brown 
colouration; a dark longitudinal stripe extending from fastigium of the vertex to 
the hind margin of pronotum; hind tibia and tarsi purplish - blue and 
distributed in India (Tamil Nadu, Bengal, and U.P.)> Pakistan, Thailand. Adults 
and nymphs are gregarious and found crowding in bushes and crop fields, 
photopositive and strong fliers to long distances. 
Adults of Acrida exaltata are found in tall grassland and cultivated 
grounds during rainy season. The acridid migrates from its original habitat to 
other new habitats. The adults are distinguished from other economic species 
throughout most of its range by the hind wings developing into yellow tinge 
and distributed throughout India, Pakistan, Bangladesh, S.E. Tibet, 
Afghanistan, Sri Lanka, fran, Yemen, Nepal. Adults and nymphs are 
occasionally gregarious and congregate in masses on thick grasses, bushes and 
treetops up to the height of 25 feet, photopositive in nature. 
A method for measuring the colour patterns of choroedocm illustris and 
Acrida exaltata by means of the Dictionary of colour is described. Using this 
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method, the results obtained in measuring colour patterns by different 
observers are comparable. 
The components of the colour patterns are numerous. The ground colour 
of the head and pronotum can apparently be measured with accuracy than that 
of most other body regions. Furthermore, the range of colour variations in these 
two body regions is greater than others. Consequently, the classification of the 
colour types has been based primarily on the coloration of these two regions. 
Within the limits of avaible data and the number of populations studied. It is 
concluded that the inferences on the population history can probably be derived 
from the characteristics of the ground colour and pronotal dark pattern. The 
colour patterns may be very complex but it may be sufficient to describe the 
colour types by reference to only three pattern characters. 
Copulation in these two species is preceded by elaborate courtship with 
special reference to long copulating time. 
The mechanism involved in oviposition is of acridian pattern. The egg-
laying period takes about 218 minutes for Choroedocus illustris and 188.7 
minutes for Acrida exaltata. The size of the egg-pod is variable in both cases 
and mainly determined by the number of eggs laid per female. The average 
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number of egg-pods by a single female, on an average, has been 5.30±0.21 
(Isolated condition) and 4.40+0.24 (Crowded condition) in Choroedocus 
illustris and 4.90+0.48 (Isolated condition) and 3.50±0.45 (Crowded condition) 
in Acrida exaltata. 
The effect of isolated and crowded conditions on the fecundity of 
females of these two grasshoppers has revealed that the average fecundity is 
affected. Isolated condition produces more eggs than crowded conditions. The 
average number of eggs per pod was 64.80±2.65 (Isolated condition) and 
35.96+0.90 (Crowded condition) for Choroedocus illustris and 31.30+2.20 
(Isolated condition) and 25.90+0.92 (Crowded condition) for Acrida exaltata 
The incubation and hatching follows a typical acridian pattern with a 
difference of having enclosure of a cuticular membrane around newly hatched 
nymphs. The viability of egg-pods, eggs and incubation period was found 
affected by isolated and crowded condition. The crowded condition affects as 
in locusts and this behaviour is recorded as a new record in these occasionally 
gregarious species. 
Diapause does not occur at any stage of life cycle and therefore, they 
have shown throughout the year breeding and sustained populations. At least 
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four generations a year with an additional overlapping generation has given 
special pest status. 
The life cycle is completed in 86-100 days (Isolated condition) and 84-
96 days (Crowded condition) approximately in males and about 93-104 days 
(Isolated condition) and 90-100 days (Crowded condition) in females in case 
of Choroedocus illiistris and about 84-105 days and 85- 109 days under 
Isolated condition in males and females respectively, and 78-99 days and 83-
106 days under Crowded condition in males and females respectively in Acrida 
exaltata. 
The hopper duration is attributed to the number of instars in cycle and 
crowding affects nymphal duration, which is a new record and addition to the 
knowledge. 
Dyar's law has been successfully applied to the hopper instars of 
Choroedocus illustris and Acrida exaltata and they were reared in constant as 
well as natural conditions. The application of Dyar's law is new to 
acridological knowledge. 
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illustris and less shown by Acrida exaltata. Preluninary experiments show 
chromatic changes under crowded and environmental changing conditions and 
are definitely indicative of the influences therein. 
The eggs of these to species are laid in moist soil and incubation, 
development and fertility is greatly affected by temperature and relative 
humidity gradients. The lowest percentage of hatching was recorded as 61.16 at 
27° C and 70%±5 R.H. in Choroedocus illustris and as 65.09 at 27°C and 70±5 
% R.H. in Acrida exaltata. The highest percentage of hatching was 73.98 at 37° 
C and 70±5 % R.H. in Choroedocus illustris and 71.52% at 37°C at 70±5 
%R.H. in Acrida exaltata respectively. The average incubation was longest at 
low temperature and shortest at high temperatures. 
The combinations of temperature and relative humidity at lower and 
higher side was most significant in survivability, developmental rate and day-
long activities. Extremes of temperature and relative humidity resulted in high 
mortality at all stages of life cycle. It was found that higher side of temperature 
coupled with high relative humidity was most preferred by both species in all 
stages. 
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Since both these acridids pest form a common population in north 
Indian grassland and cultivated crops, their life - cycles are of similar nature 
except flight potential and vigorous activities of hoppers in Choroedocus 
illustris is the unique feature as compared to Acrida exaltata which was found 
mostly active when remain gregarious otherwise show least activities. 
In both species, the generations have an overlapping generation over and 
above four complete generations in a year. 
Seasonal variations govern the population structure in both the species 
in different moths of the year. Adults of these acridids are seen active in 
extreme colder months of December and January with reproductive activities 
and it may be attributed to an ecological adaptive behaviour. 
The population size of these grasshoppers with reference to seasonal 
variations on yearly basis of all stages through random sampling has been 
estimated. It was found that the populations were very high with reproductive 
activities during rainy season in August & September and March & April. The 
population of hoppers and adult was found pronounce where grasses like 
Cyperous rotundus, Seteria glauca, Paspalum distichum, Andropogon 
adoratus, Cynodon dactylon were dominating the vegetation. The fluctuation in 
134 
Summary 
numbers of grasshopper is attributed to the other ability of these grasses. The 
early nymphal instars have preferred Cynodon dactylon while the advance 
stages like to enter in the crop fields. 
The small-scale movement of all stages of these grasshoppers were 
extremely influenced by day temperature and relative humidity, air speed, light, 
and human activity and after sunset they were hidden under thick vegetation. 
The food preference in nymphs and adults and successful completion of 
cycle have been recorded typically in these grasshoppers. It was found that the 
distribution of these species remains directly proportional to the preferential 
value of the food plants available. 
The most important and needed aspect of this study was the 
morphometrical analysis and chromatic profile, hi both the species, all 
parameters and body parts and their ratios as done in locusts were tested and 
thus amazingly majority of them were highly significant leading to a 
conclusion that the species have tremendous ability to become gregarious when 
environmental and biotic conditions are available suited to the behavioural 
profile. Both the species were put to isolated and crowded conditions in order 
to establish any hidden instinct of being locust 'locust in making' may be 
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researched out. These observations were corroborated with visual, occasional 
record on these species. The gregarious behaviour was definitely exhibited but 
with discontinuous aggregational behaviour. The observation certainly leading 
to accept the fact that both the species are having distinct behaviour of 
gregarization, swarm formmg and having ability of mass active behaviour with 
local migratory instincts. These observations are the substantial addition to the 
knowledge of polymorphism in acridoids. 
The chromatic changes, thus, observed visually were tested under 
experimental designs and amazingly found that the colour spectra shown were 
on the same pattern as in locust species and were reversible as and when 
ecological conditions were changed. 
On the basis of the present studies it can convincingly be concluded that 
the species under study are very dangerous in behaviour, can assume new 
dimensions of behaviour, may become gregarious and migratory under suitable 
ecological parameters. The life-cycle of these species hitherto unknown, have 
been made known. A complete eco-ethological profile, under all 
considerations, has been completed and the entire research work will be in 
addition to entomologist in general and very special to acridologists the world 
over. 
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Biological Control of Teak Locust, Gastrimargus 
Africonus (Orthoptera: Acrididae) Parasitic and 
Predatory Red Mite, Eutrombidium Trigonum 
(Acarina: Trombidiidae) 
S.K.A.R1ZVI, S.M.A.BADRUDDIN AND T.A.SHOSHA 
Acridology Research, laboratory 
Department of Zoology-Entomology 
Aligarh Muslim University, Aligarh (U.P.) 
ABSTRACT 
Parasitic and predatory potential of trombldid mites on grasshoppers and lo-
custs has been of great significance and field trials in Saudi Arabia on Schistocerca 
gregaria have confirmed the status of such a mite as an established biocontrol 
agent. The locust. Gastrimargus qfricanus, a pest of maize, rice and teak planta-
tion was found hart)ouring various mites. Some were recorded for the first time 
and found to be very effective biocontrol agent. G. qfricanus reduced the repro-
ductive potential of the locust and caused 20% mortality. The mites parasitic on 
G. qfricanus attacking teak plantation in India have been recorded first time as 
Locustacarus tracheaUs (Podapolipodidae) and E^thraeus comes (Erythracarinae) 
and their parasitic potential, biology and ecological behaviour and their utility in 
the biological control have been studied. 
INTRODUCTION 
Uvarov (1928) reported certain mites damaging the eggs of locusts by piercing the 
egg shells and sucking their contents. Peswani {I960) has recorded red mite in-
festing older njmiphs and adults of Hieroglyphus nyrorepletus. Rizvi and Aziz (1974) 
observed many deleterious effects of these mites upon the rice grasshopper. Field 
trials of these mites were conducted successfully by Rizvi (1992). Recently, we 
recorded the occurrence of red mite, Eutrombidixmi trigonum on a very important 
agricultural and forest pest, Gastrimragus qfricanus at Aligarh. Large numbers of 
other trombid mites and their larval stages were observed such Locustacarus 
trachealis amd ErytJvacaeus comes on this grasshopper. Observations were made 
in the present study on the life cycle, biological synchronization with the host and 
its parasitic potential. 
Materials and Methods 
Collected Eutrombidium larval forms were allowed to become adults and then the 
life cycle was studied on typical acarine method with feeding on artificial diet 
made of nymphal cake of grasshoppers. 
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Observations 
The majority of specimens following measured a length of 1.2 to 2.7 mm and 
width of 1 to 1.5 mm. Body Is covered with scarlet hairs. Oviposltlon was done in 
a smooth—walled chamber In soil (1.25 cm) at 10 cm deep. Egg masses were very 
close to grasshopper egg pods. It was observed that during the pre-ovlpositlon 
period the mite required fluid feed of the grasshopper. Eggs were spherical, yel-
lowish orange and about 0.12-0.14 mm in size. Number of eggs laid by a single 
female was around 3000-3500 in about seven days time. Incubation was recorded 
for 14-17 days a t 28 + I'd and 60-70 % R.H. Larvae rupture their eggshell and 
takes about 7-8 days to become free larva. 
Larval stages are yellowish—orange, gregarious and very active to find their 
host. The size measured was 0.17-0.19 mm. Larval behaviour appeared to be 
instinctive gregarious composed of about 100 mites per group. These group clus-
ters were in many layers. When the nymphal stages of grasshopper were offered, 
immediately they fastened to body paui:s and appendages of the grasshopper within 
no time. 
Number of larval mites found according to the nymphal age of the grasshopper 
ranged from 10 to 35 per host. Parasitic potential and affected psirts of the host 
ranged from 35 to 50% damage. The deleterious effect of parasitism on the male 
host was castration. The males could not develop testes which were heavily para-
sitized by the mite. 
Active engorged larva (2.5 mm) after 10 days of feeding drops from the host and 
becomes inactive for two days and then enters into soil and becomes pre-nymphal 
pupae . The destruction was completed in 10-15 days at 28°C and about 2 5 days 
at 20*'C. Nymph emerges from the pupal skin and appears to be the same a s an 
adult . Immediately It locates the grasshopper's eggs and predates on eggs for 
about 15 days. It also attacks nymphal and adult stages of the grasshoppers 
especially wing pads, genitalia amd coxae of appendages. After 10-20 days of feed-
ing on acridid eggs and live stages. It becomes engorged nymph and inactive 
without feeding for 5 days and then moults Into an adult . 
The life cycle of this grasshopper mite may be outlined in skeleton form a s 
follows: 
1. Adult mite unengorged 7. Inactive larva 
2. Adult mite engorged 8. Pre-nymphal pupa 
3. Egg 9. Active nymph 
4. Active larva 10. Inactive engorged nymph 
5. Engorged larva 11. Pre-imaginal pupa 
6. Larva no longer on host 12. Adult mite 
The lifecycle, appeares to be synchronizing with its host 's lifecycle. Simileir 
suggestion was made by Rizvi amd Aziz (1974) while observing on Hieroglyphus 
nigrorepletus. Some useful observations on its biology were made by Severin (1944) 
bu t more in laboratory conditions. Rizvi et al. (2001) made similar observations 
Podapolipus mite on Oxya velox. Present observations are of great biological sig-
nificance as the mite showed some deleterious effects on the host which is a 
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dreaded pest of teak. It amy be possible to use It as a blocontrol agent against the 
acrldid pest. 
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MISCELLANEOUS NOTE 
On the indicative role of Acridotheres Iristis ( Insectivorous bird) 
for the batching site of the rice locust, Hieroglyphus 
nigroreptetus Bol. (Orthoptera: Acrididae) 
Introduction of the Indian insectivorous 'Mynah' (Acridotheres tristis) 
into Mauritius to contain the red locust in 1762, as a successful movement of 
an avian natural enemy from one country to another, marked the beginning of 
the biological control (Moutia and Mamet, 1946)'. Recently Maqbool et al 
(2003)^ has come to put the bird as a very useful bioresource based on its 
predation potential on Acridoids. Earlier some important etbological studies 
were made by Rizvi et al (2002)^ as to why the bird prefers the young 
nymphal instars of Acridoid. 
The present authors, during field studies on the hatching timings and 
population dynamics followed by outbreaks the rice locust, Hieroglyphus 
nigrorepletus in the month of July-August everywhere in Aligarh (lat. 27° 
34'30'' N, long. 78° 4' 26" E), have recorded most amazing behaviour of the 
bird. The breeding place under study was the Scindia Fort, 1 '/z km from the 
University Campus, comprising shade trees and dense grasses of at least more 
than 25 species, which was flooded with flocks of Acridotheres tristis and 
assembled on trees. Though there were large number of species of Acridoids 
in all nymphal forms were populated but the birds were making probing angle 
to certain specialized areas of the Fort. On critical observation, it was found 
that such areas were abounded by Hieroglyphus eggpods and vermiform 
larvae (nymphs with embryonic layer) were being hatched. The birds were 
dropped down on such spots and feeding on them voraciously. These nymphal 
stages which have become 1st or Ilnd instars were ignored. 
Such probing herds were marked alongwith areas and thus more than 
many thousand eggpods were identified. Generally one locust eggpod may 
give rise to 60-80 vermiform larvae inturn becoming aggressive nymphal 
stages. Due to this bird's feeding on emerging youngs, the population was 
also affected.*Statistically calculating the predation potential per pod and its 
impact on future population was significant (P < .05). This calculation was 
made on approximation and that too on visual recording (Fig 1). Recording 
errors may not be so important in taking bird as potential bioresource in the 
biological control of such polyphagous locust pest of Kharif crops in India 
must be an integral component of IPM for such dreaded agricultural pest. 
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EFFECT OF CROWDING ON THE 
NYMPHAL DURATION OF ACRIDA 
EXALTATA (ORTHOPTERA: ACRIDIDAE) 
S.K.A. RIZVI, F.R.KHAN, N. MAQBOOL, 
S.M.A. BADRUDDIN and T.A. SHOSHA 
Ecological Entomology Section, Department of Zoology, 
Aligarh Muslim University, Aligarh • 202002 (U.P.). 
Uvarov (1977) has mentioned that the tendency of 
gregarization in the grasshoppers and locusts can be assessed 
on the basis of nymphal duration in ecological conditions 
versus space. Effect of crowding on the nymphal duration 
of Hieroglyphus nigrorepletus Bol. was recorded by Rizvi 
et al. (1975) taking into account the nymphal duration 
differences in solitary and gregarious phases. There seems 
to be no other record of such nature in grasshoppers, though 
many species show occasional gregarization. 
Present authors have found that the Acrida exaltata 
Walker species has tendency of occasional gregariousness 
and shows marked difTerences in morphometrical as well 
as chromoecological behaviour. The experiment on 
crowding effect on nymphal duration was carried out with 
50 freshly hatched nymphs, which were reared at 32°C+2 
"C in glass jars of the same size (15x10 cm.). At the same 
temperature, 10 hoppers were reared in another glass jar. 
The former batch of hoppers got less space in terms of per 
hopper space, as compared to the latter batch of hoppers. 
Nymphs reared in crowded condition took 35 to 45 days; 
but those reared under isolated condition took 75 to 80 days, 
in completing their development. The average nymphal 
duration under crowded and isolated condition has been 
recorded as 40.0 and 78.5 days respectively (Table 1). These 
Table 1. Effect on nymphal duration oi Acrida exaltata 
under crowded and isolated condition. 
No. of 
Hoppers 
Stages (Instpr/adult) Differential 
finding 
I II III IV Adult 
.^ 0/Jar 
10/Jar 
35-45 duy.s 
7-9 days moulting period 
75-80 days 
Pinkish Become 
Grccriish migratory 
Brown in nature 
Remain Remain 
green non-
15-16 days moulting period (hrough migratory 
out 
Space : 15x10 cm; Temperature: Slil^C; R.H.: 60-65% 
observations are in agreement with Rizvi et al. (1975) in 
Hiroglyphus nigrorepletus, a pest of rice. 
The present observations ore indicative of an instinct 
hidden in Acrida exaltata to be a locust in time to come, 
and it may help acridologists to make further studies on 
other non-swarming grasshoppers. 
Acknowledgements: The authors are thankful to Mr. 
Naseem Ahmad, IAS. Vice-Chancellor, Aligarh Muslim 
University, for financial assistance and to Mr. ShaTiq Ahmad, 
P.O., for encouragement. 
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Carbon Lies Beneath Earth 
German researchers have now confirmed what 
scientists always feared: that there's an immense cache of 
carbon just below Earth's crust, that could some day be 
released into the atmosphere. So what if there's all that 
black sludge swishing around in the basement, one may 
be tempted to ask. If and when the planet throws up even 
a little of that stu^ from downstairs, it would be lights 
out for most of the species now extant. 
For such a planetary burp would release vast 
quantities of carbon dioxide (COj) into Earth's protective 
cocoon, engendering a'runaway greerthouseeffect'. Laden 
with all that CO,, the atmosphere would have little choice 
but to trap sunlight and barbecue plant life which, in turn, 
would kill off animal species strung along the food chain. 
Earth's upper mantle is mostly made up of a crystalline 
silicate called olivine where, it was believed, thecarbon was 
stored. The high melting point of the olivines made them 
remain relatively stable and retain their carbon deposits even 
in the furnace-like heat of Earth's core. But the latest 
research seems to have trashed that theory and identified 
carbonates as the likely place where carbon is stored in 
Earth's bowels. 
Since carbonate rocks have ; very low melting 
"oint, they survive the fiery heat ai d squeeze through 
cracks towards the su: Tace, absorb! ig more carbon as 
they go. All it'd then take is a volcani; eniption to lay an 
impenetrable CO, smokescreen for the biosphere, and 
trigger another round of'mass exdncti )n', as has happened 
before on Earth. This must be a sobering thought for those 
who are currently busy with a global experiment to see 
how quickly they can double atmospneric CO, levels. 
p:tl)olooical studies on Owa vclox (Orthoptra : Acri(iidae) 
with reference to its aquatic environment Specificity in 
Acridoid biodiversity^ 
Bv 
S K.A. Rizvi, S.M.A. Badriiddin, F.R. Khan. T.A. Shosha & E. Hassan 
Acridology Res Lab, Deptt. of Zoology-Entomology 
Aligarh Muslim University, Aligarh (U.P.) 
ABSTRACT 
Ox\a velox. smaller rice grasshopper, is a major pest of rice in India. Its biology is of unique 
nature as lis habitat, preferable, remain marshy places. During behavioural studies, it was found that 
aquatic environment of nee field, forces the female to lay eggs in constructed patch of decaying 
material so the hatching (within /O 13 days) may gel immediate rice leaves (sprouting) for newly 
borne hopper. 
fi'hen life cycle is completed and second lifeline is laid as egg pods, rice fields are dried 
evenntally eggs remain in quiescent stage till ne.xt aquatic niche is available. Amazing behavioural 
patterns in terms of aquatic enviromneni ami biodiversity of the species under study, would be of 
immense use to acridologist in particidar to contain the dreaded pest office agriculture. 
Keyword -.Aquatic environment,Quiescent, Behavioural Patient, Eggpod 
FULL PAPER 
INTRODUCTION 
Oxya velox. sinaller rice grasshopper is a major pest of rice in north-India and 
occur in low-lying areas (Khan et al, 1963). In India egg masses are laid at the base of 
Sorghum stalks and also in field bunds (Fletcher,1917). It is ambivorous and also 
destroy many medicinal plants (Aziz and Rizvi ,1967). Ecology and behaviour is still 
unknown (COPR, London, 1982) and the present finding are the new record while 
(,r.-,civcd Its l)iol.)!:Ral suutio ;ii AliiMiii (lie [K-st prclcis uiaishy places. paaiculaiK 
rice fields tor cgglaviiiL: and (eediiiL: as well Normally it lay ce^ JS m soil and cggpods 
arc onlv tew cciUiinctcrs deep, coiuainini; 10 15 eggs per pod. It also lay egg m the 
folds o( leaves and c\cn on tloating plants. This has relevance to its unusual 
behaviour as compared io other .Acridids ol'the same family. 
MATERIALS AND METHODS 
During field survey, egg laying sites were carefully examined and especially 
when nee fields are flooded with water, Eggpods were collected and were placed in a 
B.O.D. cabinet to ensure the viability of eggs. 
OBSERVATION 
It was recorded that when soil around rice field is fluffy and racist, diey lay 
eggs, otherwise, prefer to lay in rice plants leaves. Out of 2000 plants examined, 120 
plants having eggpods having a round cluster of eggs enclosed in froth on the 
underside of a leaf of rice plant. The pod was submerged in water (Plate I). 
Wlien such 100 pods collected were incubated at 32°C, they hatched (53%) 
successfiilly confirming viabilities of eggs. In another observation, it was more 
amazing to note that some eggs have gone into quiescent stage and they were hatched 
when field temperature became 30°C. 
DISCUSSION 
Acridid biodiversit>' has been described in many species (Uvarov, 1977) with 
special reference to aquatic or semi-aquatic niches attributing the adaptability to 
survival potential and oviposition ecology (Carbonell, 1957a). Our observations are 
in agreement with the concept and observations of Chapman, 1961; Carbonell, 1964; 
Uvarov, 1977 in many species of smaller grasshoppers and locusts. The egg laying 
behaviour of Oxva velox studies fitst time has revealed the new phase of marshy 
egglaying or even on leaves which were submerged being concluded that Acridids 
special in adopting to a changing scenario of the niches with reference to aquatic 
enviroiunent. 
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